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Abstract 


Selection of the source of heat treating is an eco- 
nomic problem, with the final choice dependent upon the 
economics of the situation, as shown by the over-all cost 
of the finished product with the different sources of 
heat. It 1s not a question of individual process economy, 
it is a question of over-all economy. The heat chosen 
must result in the lowest over-all cost, or 1t will eventu- 
ally be displaced by some more ecomical source of heat. 
The rapid development of industrial electric heating em- 
phasizes the. fact that the source of heat for heat treat- 
ing is not a problem of B.t.u. costs, but 1s an economic 
problem involving a study of over-all costs. Such an in- 
vestigation is well worth while, because it imvariably re- 
sults in discovery of little realized weak parts of the plant 
practice which influence. production costs materially. 


ae of the source of heat. for the industrial heat treat- 
ment of metals is an economic problem. ©The final choice should 
be decided by the economics of the situation, as shown by the over- 
all cost of the product for the different sources of heat. The mere 
fact that a heat unit in fuel oil may cost two or three times as much 
as a heat unit in coal does not necessarily indicate that coal is the 
proper fuel. Oil can be burned much more efficiently than coal at 
a lower labor cost. If the heat treating department of a plant de- 
cides that oil is the cheapest fuel for heat treating, it does not neces- 
sarily mean that the company will show greater yearly profit by its 


seal paper presented before the New York Chapter of the society, December, 
767, Che author, Robert M. Keeney, member of the society, is connected 
with the Connecticut ‘Light and Power Co., Hartford, Conn. 
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use. The use of the source of heat apparently the cheapest for the 
heat treating process itself may result in higher costs for the opera- 
tions. subsequent to the heat treating department, such as: a high 
percentage of rejections in hardened steel parts; or if inspection is 
not rigid, in an inferior product which later will mean loss of market: 
in whole batches of tons of. improperly annealed steel piled up around 
the annealing room clogging production while waiting to be re- 
annealed ; in greater cost of pickling of brass; or trouble in drawing. 
It is not a question of individual process economy, it is a question of 
over-all economy. 

Among the items which influence over-all cost are: fuel, power, 
labor, cleaning of product, maintenance, capital charges, storage 
of raw material and finished product, the. dollar value’ of quality 
and rejections, . straight hne production, machining and: working 
conditions. Except where an improvement in: working conditions 
may be of the greatest importance,. the decision should be made on 
no other basis than the total cost, but if the total cost of the. two 
sources of heat seem to be about the same, then, the source of heat 
most convenient to the specific application should be used. Simple com 
parison of the B.t.u. cost of electricity, gas, oil or coal gives a ver) 
erroneous impression, as no allowance has been made for higher 
furnace efficiency, lower labor cost, elimination of spoilage, lower 
machining cost or. other items which influence over-all costs, the only 
cost figure that results in profit or loss. Gas may cost more per B.t.u. 
than oil or coal, but because of the possibility of more efficient appli- 
cation and greater ease of temperature control may be by far the 
cheapest fuel. Electricity may cost more per B.t.u. than gas, oll 
or coal; but because of the possibility of its more efficient application, 
better temperature control, possibility. of straight line _ production, 
elimination of rejections, or reduction in machining cost may prove 
the cheapest source of heat for the manufacturer to use. Many indus 
trial fuel engineers tend to over-emphasize B.t.u. cost in making 
cost comparisons of various fuels, and when considering their own 


particular pet fuel in comparison with electricity they seldom get 
any further. Some inexperienced industrial electric heating engineers 
over-emphasize the intangible. advantage of electric heat. Neither 
argument can stand up in the face of the over-all economic situation 


Lower cost per B.t.u. means nothing if inefficient utilization, higher 


labor cost and greater spoilage results in less profitable operation, JU 
g | g 
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ie admitted intangible advantages of electric heat are worthless, 
if they do not produce a saving in over-all costs and increased profits. 
the intangible advantages are real advantages, they will in some 
affect costs. The heat chosen must. result in the lowest over-all 













cost, or it will eventually be displaced by some more economical form 
of heat. The sales enthusiasm of the public utility selling electricity 
or gas, or the furnace manufacturer, has sometimes resulted in dis- 
regard of the economics of the situation, followed invariably by re- 
moval of the furnace and loss of the heating load to the source of heat, 
vhich a careful, truthful analysis of the whole manufacturing process 
from the heat treatment operation to shipment of the finished product 
would have indicated in the first place. 

Sometimes an uneconomical application results from a_per- 
sistent leaning of the manufacturer toward one form of fuel. A few 
years ago it was not unusual to find a factory using’ only one source 
of heat for many different heat treating operations. This tendency 





is rapidly disappearing, as it has become more generally realized that 
i heat best stited to one operation may not fit another. 







HEAT TREATING IN CONNECTICUT 







Local economic conditions in Connecticut are favorable to electric 
heat treatment and are becoming increasingly favorable to the use of 
vas. Power costs average from 1.15 to 2 cents per kilowatt hour, 
inarginal power to large users having a high load factor as low as 


} 









Y cents and night power, that is, all energy used without increase of 
the day demand 0.9 cents per kilowatt.hour. The cost of city gas 
averages from $1.00 per thousand cubic feet for the small users down 
to 65 cents per thousand cubic feet for the large users, and in some 
arts of the state marginal gas can be purchased at a cost of 55 cents 
per thousand cubic feet. Oil costs from 7 to 8 cents per gallon at the 
urner. Bituminous coal is from $5 to $7 per ton, and anthracite 
coal from $12 to $14 per ton. Most of our industries are metal work- 
lg, and many are highly specialized branches of the metal working 
industry, in which quality is of major importance. It is only natural 
that there should be a local trend toward the use of electricity and 
sas for heat treatment, as in general economic conditions provide a 
sound basis for this trend. 











Electric furnaces are in operation for annealing, hardening and 
“npering steel, the bright annealing of copper and nickel-silver, and 
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annealing brass. Gas is used for hardening, tempering and carburizing 


of steel, for annealing of nickel silver shells, and more recently for 





large production annealing of brass. Oil furnaces. anneal, harden, 





temper and carburize steel and anneal brass and copper in the large 
rolling mills, and anneal malleable iron. Coal is mainly used only 
for the annealing of malleable iron and steel, but there are still a 







few coal-fired.carburizing furnaces.and brass annealing furnaces in 
We still have the most ancient of fuels, wood, in use ona 





operation. 
large scale for the finishing anneal of brass sheets in the large rolling 






mills. It appears that this may be replaced by city gas. 





ANNEALING OF STEEL 












‘From a production standpoint the two most important applica 
tions of annealing in Connecticut are in the ball bearing industry 
and in the cold-rolled steel industry. T’wo ball bearing manifac 


turers use oil for annealing and the third now does its entire anneal 







ing with -electricity. This manufacturer now has in operation an 
installed capacity of 1200 kilowatts in eight 150-kilowatt electri 


furnaces, all of which operate off peak at night so that the furnaces 







create no additional demand and the cost of power is 9 mills pe 


} 


kilowatt. hour. Oil was used previously with a consumption o! 






about 19 gallons per ton of races annealed which, with oil at 8 cents 





per gallon at the burner, resulted in a heat cost of $1.52 per ton. Th 





races were loaded on a car and covered with nickel-chromium hoods 





to prevent decarburization and oxidation. Due to the slow rate o! 
\ 






heat penetration a rather long annealing cycle was necessary. 





research conducted in a small box type electric furnace indicated 
that an annealed product could be obtained which would result in co 






siderable saving in the subsequent operations of the plant. It was also 






found that it would not be necessary to cover the load with hoods 





A preliminary estimate indicated that the heat cost for annealing wit! 
electricity would be $2.13 per ton, or 61 cents per ton more than th 


pm 


cost of oil. An experimental 150-kilowatt car type electric furnac 








was installed, as it was believed that economies in other operatiots 
atari a 
This has proved to be the 













would offset the increased heating cost. 
case, as the cost of power and labor is about equal to the former cos! 
of oil and labor. Production has been speeded up by elimination ‘ 
the hood covering the 3-ton charges of races, and the size of the 


charge has been correspondingly increased. ‘The annealing cycle has 
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reduced from 72 hours to 36 to 48 hours. <A large investment 


ckel-chromium hoods has been saved which, with alloy at $1.00 


per pound, represented in this particular plant a total investment of. 
$30,000. A test taken throughout a full charge indicates absolute. 


uniformity. This. uniformity has resulted in a big reduction of the 
subsequent manufacturing cost, because the production of machine 
departments has. been ‘more than doubled on most sizes of races. 
fhe piece rate for machining has been cut approximately in- half, 
and a large investment saving has resulted due to reduction of in- 
ventory before annealing by two-thirds. The higher investment cost 
of the electric furnace is more than offset by the elimination of the 
large investment in nickel-chromium alloy. These results are men- 
tioned simply as a statement of facts, possibly the same results could 
have been obtained in oil furnaces, but the oil furnaces previously in 
use were well insulated and apparently properly designed, so that 
their oil: consumption per ton was about the same as that of oil fur- 
aces operated by other manufacturers on the same work. Of course, 
the heat cost for electric annealing in this case is. fairly closely com- 
parable with oil because:.first, the cycle of operation permitting night 
annealing results in a very low power cost; and, second, the elimina- 
tion of the hood cuts the weight heated approximately in two, and 
also permits more rapid heat penetration. 

In another case a study was made with the view to the use of 
gas instead of oil as a fuel for annealing bearing races. The oil con- 
sumption was approximately 19 gallons per ton of races annealed, as 
stated in the previous case. The races were annealed in boxes. It 
was found that gas could not be used for annealing the races, without 
packing them in boxes or covering them with a hood, because of the 
danger of decarburization. On this basis gas had to be considered 
simply as a substitute for oil from a B.t.u. standpoint only. To 
compete with oil it would have been necessary to sell gas at 35 cents 
per thousand cubic feet, as the consumption per ton was estimated at 
1500 to 5000 cubic feet. At the prevailing rate of 65 cents per thou- 
sand cubic feet for a large gas consumer, the cost of annealing with 
sas would have been double that of annealing with oil. Experiments 
ire heig conducted on the open annealing of steel without packing 
which,.if successful, will mean that at a cost of 60 to 65 cents per 


thousand cubic feet, gas is competitive on a heat basis with oil cost- 


§/ to Scents per gallon at the burner. This will result due to the 
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elimination of boxes and hoods. In the present combustion furnaces 
for every pound of work annealed there must be heated one pound 
of box or hood. 

Another very important annealing operation in the industries oj 
Connecticut is the bright annealing of cold-rolled sheet steel, The 
trend from coal to oil and to electricity is shown in these plants in 
that of three manufacturers using coal five years ago, two are using 
both coal and oil and’a third is using electricity entirely. Furnaces 
of the ball and truck type are used holding a charge of 5 to 10 tons 
with the coiled sheets covered by a -hood into which producer or city 
gas is introduced during cooling, or the coiled sheets are packed in 
iron filings in boxes. ‘The weight of the truck, hood and ball is about 
equal to that of the work. These plants anneal from 30 to 60 tons oi 
steel per day at a temperature of from- 1400 to 1525 degrees Fah 
The cycle takes: from 2 to 4 days. “The cost of fuel for the coal 
fired furnaces averages about $1.90 per ton and that for the oil-fired 
furnaces about $1.00 per ton. The. oil-fired furnaces are auto 
matically controlled and maintain a very uniform temperature. 

\ careful investigation of both the situations showed -that th 
electric furnace operated with alloy pots and hood could anneal steel 
at an over-all cost of. approximately 25 cents per ton lower than the 
oil and coal furnaces as formerly operated, but that it the use of cast 
steel pots and hoods was discontinued and alloys substituted, oil an 
nealing was at least 75 cents per ton cheaper. It is of course obvious 
that this is not a correct application for electric heating except wher 
power is very cheap or fuel expensive. The study of the situation, 
however, very forcibly brings. out the value of investigating you! 
heat treating situation. The average factory seldom makes a com 
plete investigation, except when some electric. heating man, trying to 
sell electric heat, gets them thinking. In this case the investiga 
tion has resulted’ in the use of alloy pots and hoods at a saving to th 
manufacturer of about $1.00 per ton of steel annealed, and has also 
resulted in proving conclusively to the manufacturer that the bes' 
way of annealing. sheet steel in his particular situation is to us 
modern automatically controlled oil furnaces with alloy containers 

In the third plant electric furnaces are used entirely for anneat 
ing cold-rolled sheet steel and replaced producer gas and coal-fired 
furnaces. several years ago. The capacity now exceeds 1000 kilo 
watts. No cost data is. available, but in this application electric @ 
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stot trom 0.8 to 1 cent per kilowatt hour. On this basis the heat 
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ig appears to cost from 50 cents to $1.00 per ton less than the 
ier over-all cost with coal and producer gas. ‘This is.due to un | 
circumstances, in, that, the factory owns its own hydroelectric 
and has available power at a cost of about 0.75 cents per kilowatt 

\s a result.of this situation the heat cost for electricity is 
lin 


parison with their former method of annealing they have a large 


ally less than the former ‘cost for coal and producer gas. 


in maintenance cost due, of course, to the use of alloys in the 
lt 


increased 


ric annealing furnace. is understood that the ot 


oft 


also rate 
LO-ton 
It is apparent that 
¢ savings are-being. made in this case that are not public knowl- 


\ 


nealing of. strip steel has been in-operation very successfully for 


uction has been elimination 


by rejected 


e, as expansion continues, continuous furnace ‘for electric 


out five years. ‘There is a large maintenance saving which results 
conditions which appear difficult to overcome in the combus- 


hurnace prey 1¢ usly used. 


CARBURIZING 


During recent years a considerable number of coal and oil-fired 
uaces used tor carburizing have been replaced by electric furnaces. 


trom a general standpoint it seems somewhat difficult to 


mber of installations continue to grow it is evident that the indi- 
lual manufacturer thinks that in getting an improved product over 
the investment. Also, in many of these installations, carburizing 
conducted only at night. which, with the form of power rate pre- 
ling in most of the large cities of Connecticut, results in an energy 
st tor electric heating is‘closely competitive with oil and probably 
per than coal, when the labor for coal firing is taken into account. 
lay operation | believe the heat cost of electric carburizing to be 
uble that required in the modern automatically controlled oil fur- 
\nother factor is the fact that the electric furnaces have in 
cases replaced somewhat antique coal-fired furnaces, so that a 
usiderable labor saving has resulted. Also, the 
urnace difhculty has been experienced in. carburizing small 
ue to irregular temperature control.. | 
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would apply in any comparison of the electric furnace with a modern 
automatically controlled oil furnace, on a number of which the tem- 






perature curves are as good as those shown by any electric furnace. 






Interesting results are now available on the comparative cost of 






carburizing small pieces in modern insulated rotary drum gas-fired 






furnaces and rotary drum electric furnaces. In each case solid car- 






burizing compound was used with the average length of heat of from 






8 to 10 hours and a temperature of 1690 degrees Fahr. 
The gas furnaces were charged with 500 pounds of steel when 







operating under the above conditions and consumed 16,400 cubic feet 






of gas per ton of steel, or 8.2 cubic feet per pound. With a marginal 






cost of gas of 95 cents per thousand cubic feet, the heat cost for 






carburizing was $15.60 per ton or 0.78 cents per pound. In the case 






of electric furnace the charge was larger, being 800 pounds per heat. 
With other conditions the same as on the gas furnace, the production 
of carburized pieces per kilowatt hour amounted to 3.24 pounds, or 








618 kilowatt hours per ton, and the heat cost for electricity. per ton 
of material carburized was $7.40 or 0.37 cents per pound, less than 

















TT 
half of that in the insulated gas furnace. 
In this case to meet the heat cost of the electric furnace under ies 
the prevailing local conditions of marginal power at 1.21 cents per Sa 
kilowatt hour, marginal gas would have to be available at 45 cents per Sin 
thousand cubic feet: The electric furnace shows a return of 40 per aa 
cent on the investment, and additional furnaces are being installed ice 
A study of the over-all efficiencies of the furnaces on this operation, wi 
based on the above figures, will indicate the reason why the rotary Or 
drum furnaces are an excellent application for electricity. In this cca 
case the electric furnace has an over-all efficiency of approximately 
24 per cent, and the gas furnace approximately 7 per cent. It is not \I 
one of those cases where electricity has been compared with an obso- the 
lete fuel furnace, as the gas furnace was modern and _ purchased * 
within the last year and one-half. The comparatively high efficienc) os 
of the electric furnace is due to the fact that there are no flue losses 
and also end or through metal losses have been eliminated, as th ii 
drum does not project outside of the insulated chamber. ip 






HARDENING OF STEEL 











In recent: years a large number of oil-fired hardening furnaces 
have been replaced in Connecticut by gas or electric furnaces. In some 








der 
per 
per 
per 
lled 
HON, 
tary 
this 
ately 
; nol 
ybso 
asec 
ency 
QSSCS 


s the 


naces 





some 


ECONOMICS OF HEAT TREATING 


623 





ities there is a decided trend toward electricity and in others the 
of gas is expanding more rapidly. These changes have been 
ticularly true in the case of industries having a large quantity of 
luction hardening. 

\ large number of electrically heated lead and cyanide pots of 
from 15 to 30 kilowatts capacity have been installed for. the harden- 

of small tools, such as, chucks, reamers and cutting tools... One 
factorv has more than 20 of these pots on daily production work. 
In this plant electric lead pots have resulted in the following benefits 
in comparison with oil: (1) increased production pet man—(2) lower 
labor cost—(3) better temperature control—(4) much less mainte- 
nance cost, the lead containers showing no wear after 3 to 4 years of 
operation; and. (5) a marked improvement in working conditions in 
the hardening room. 

\fter several years of investigation electric hardening furnaces 
are being introduced rapidly into the ball bearing industry. Several 
large plants now either have their hardening department electrified 
or equipment purchased for so doing. In some of these cases. elec- 
tricity. is replacing oil and in one, gas. In the latter case rotary 
drum gas furnaces were formerly used. At the time the changes 
were made to electricity about five years ago, production tests 
over several months showed the cost of electric hardening in a 
simple box type electric furnace to be $7 per ton cheaper. than the 
cost in the gas rotary drum furnace, that is, the heat cost for electri- 
city was $7 per ton less than for gas—with marginal power at 1.7 
cents perkillowatt hour, and gas at $1.12 per thousand cubic feet. 
()n the basis of present marginal cost in this plant with power at 
|.21 cents per kilowatt hour and gas at 95 cents per thousand cubic 
feet, the difference in favor of the electric furnace is still greater. 
\lthough electricity costs 28 per cent less than it did five years ago, 
there has been no change in the rate schedule, the user simply earns 
a lower marginal rate with increased use. The gas rate, however, 
was changed, resulting in a reduction of 15 per cent. 

The electric furnace eliminated rejections of the races for im- 
proper hardening in this plant, and as the complete hardening room 
is now electrified a considerable saving in labor has resulted. This 
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Ty? 
Nan 


t also does all of its tempering in electric furnaces of the forced 
circulation type, which replaced gas heated oil baths. With the 
exception of gas-fired rotary drum furnaces purchased a short time 
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ago, and which are now being replaced by electric rotary drum fur- 

naces, all heat treating in this plant is performed in electric furnaces 
hardening, tempering, annealing.and carburizing. 

In the other bearing factories where oil is being replaced with 
electricty, the furnaces are of the rotary hearth type and of the link 
conveyor type. Formerly box type oil furnaces were used. On 
these applications electricity costs from: 50 cents to $1 per ton niore 
than oil under the prevailing local conditions, but there is a saving in 
labor cost of, at least, $4 per ton of races hardened. These applica- 


tions of the electric furnace to hardening of bearing races -have been 


made on an economic basis, which result from the case of the appli- 


cation of the electric furnace to conveyor systems and straight line 
production. In one of these plants approximately 50 tons of steel 
is hardened each day in the electric furnace. All tempering in. these 
ball bearing plants is performed in electrically heated oil baths or 
in electric furnaces of the forced air circulation type, with a decided 
trend in recent installations to the latter. 

In the plant.of a large spring manufacturer a gas-heated modern 
belt type furnace is operating very successfully on production harden- 
ing of small pieces. An additional unit is being added. Gas in this 
case replaces oil. Fhis same manufacturer has a large number of gas 
fired lead pots for the continuous hardening and tempering of strip 
steel. These pots operate very successfully and show a considerable 
saving over the oil pots formerly used, because of lower maintenance 
cost. This concern uses oil for large production annealing and for 
some of its hardening and gas for lead pot hardening and tempering 
Each time a new application has arisen, they have investigated elec 
tricity as well as gas, but for their local situation they feel that gas 
is considerably more economical than electricity. This situation is 
accentuated by the fact that they are a comparatively small powe' 
user, but a very large gas consumer. 

In many cases the industrial plant will be a large power user 
and a small gas user, or vice versa. Either of these situations results 
in a very low marginal cost. for the commodity used in the greater 
quantity, and a correspondingly high one for the commodity used in 
smaller quantity. For example, the concern I have been discussing 
has a marginal power rate of 1.5 cents per kilowatt hour, but the 
marginal gas rate is 60 cents per thousand cubic feet so that gas load 
can be added proportionally cheaper than electric load. 
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ANNEALING OF NONFERROUS METALS 


Oil for annealing in the breaking down operations and wood 
the finishing anneal are the basic fuels of Conneéticut rolling 
_ although some coal is used. The most important development 
the past year in rolling mill annealing has been the installation 
. large continuous. furnace heated with city gas for annealing 
coiled brass sheets, replacing wood on the finishing anneal. The 
installation has been so successful that the use of gas for the opera- 
tion will probably extend rapidly, and under suitable local economic 
ditions may replace.oil for all rolling mill annealing in some mills. 
\ bright anneal is not being obtained, but the finish of the brass is 
superior to the product of the wood muffles, and the heat cost with 
vas is only slightly higher than with wood. | 
[lectricity was considered for this operation and it appears .has 
heen rejected, because the. finish obtained was not as good as with 
vas. One objection was the effect of grease and dirt on the brass 


entering the annealing furnace. In the electric furnace the dirt is 


iot oxidized or burnt off as in the combustion furnace and tends to 


bake onto the brass. This becomes a rather serious matter on the 
finishing anneal. The control of the atmosphere in the electric 
brass annealing furnace is a subject worthy of much investigation, 
ecause with the same surface finish, electricity is closely competitive 
with gas on a heat basis in many situations. | 


While electric furnaces have not progressed very rapidly in large. 


rolling mills in Connecticut, there is a steady increase in the number 
used. for the annealing of brass tubing and shells in specialty plants. 


Uhe original 350-kilowatt muffle installed in Waterbury in 1923 for 


tube annealing, has now operated daily 10 to 20 hours for six and 
ne-half years without a coil burn-out or any furnace maintenance 
expense. ‘wo more furnaces of the same size have been installed 
in this plant for the annealing of brass tubing, A saving of approxi- 
mately $2.50 per ton is*made in labor and pickling cost in compari- 
son with the former method of annealing with.wood. There is much 
less oxidation of the brass than in the wood muffle. 

Considerable progress has been made in the atmospheric control 

electric furnaces for bright annealing copper. Oil continues to 
be the fuel of. the eastern rolling mills, but electricity is still extend- 
ug rapidly for. annealing seamless .tubing, coiled sheets and wire. 
ecently continuous electric furnaces of the tube type have been built 
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for bright annealing of copper tubing in an atmosphere of steam or 
some inert gas. Pit type-electric furnaces of the retort type are 
now in use for bright annealing coiled copper sheets in an atmosphere 
of steam. With neither of these two types of furnaces is a water 
seal used, which results in a much higher output per kilowatt hour, 
as high as.20 pounds per kilowatt hour compared with 13 pounds in 
the most modern water-sealed furnaces, when annealing at a furnace 
temperature of 1300 degrees Fahr.’ Cost comparison between water- 
sealed electric furnaces and water-sealed fuel furnaces, either gas or 
oil, show. a considerable saving in favor of the electric furnace, due 
to the lower maintenance cost. A properly constructed water- 
sealed furnace has little maintenance expense, as shown by the fact 
that two furnaces installed in Waterbury five years ago have operated 
continuously without coil burn-out or other maintenance expense. 
It would seem, however, that the continuous tube furnace or the 


retort pit furnace using steam as an atmosphere has still greater 


possibilities in reduction of operating cost. 

For annealing of nickel silver stamping, installations of electric 
furnaces continue to increase, but the use of water-sealed furnaces 
for this purpose does not seem to be extending as rapidly as formerly 
in this country. The modern gas continuous belt furnace is being 
considered for this application, because it is possible to produce as 
clean-a product as in the. water-sealed electric furnace at a lower 
cost, depending, of course, on the local economic situation. Continu- 
ous belt electric furnaces with a seal of burning city gas at the in- 
coming end. and a water seal on the other end are now being built, 
and produce as clean a. product:as the continuous belt type gas fur- 
nace. Both the -electric and gas furnace products require some 
pickling. Further-advance has been made in the introduction of the 
hydrogen-filled pusher type electric furnace which produces an abso- 
lutely clean product and eliminates pickling of the nickel silver. The 
further development. of the hydrogen. furnace has interesting possi- 
bilities. 

In the annealing of nickel silver shells electricity has made little 
progress, because the water-sealed furnaces available up to now are 
not well adapted to this class of work.. Large gas furnaces have 
recently been purchased for shell annealing, replacing oil, and a con- 
siderable number of gas furnaces. have been operating very success- 
fully on this class of. work for a number of. years. 
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In this discussion of the economics of heat treating I have con- 
fined myself to some of the major applications of Connecticut, first, 
because. | have more accurate information as to operating costs and, 
second, because I believe. that the type of installation we have in 
Connecticut resembles those in which you are interested more so than 
some of.the large heat treating jobs of the-middle west. Possibly | 
have dwelt more upon electric heat treating than upon the use of fuel. 
his is not because I am more interested in the promotion of electric 
heating, but because its development is more recent and each appli- 
cation serves to emphasize the fact that the selection of the source of 
heat for heat treating is an economic problem involving a study of 
over-all costs: 

‘rom its beginning in the year 1889, forty years ago, the appli- 
cation of electric heating to industrial work has proceeded in an 
entirely logical manner. along economic lines in accordance with the 


requirements of the industrial world. Modern civilization could not: 


| 
| 


have reached its present stage of mechanical development without 
the product of the electric furnace. Electric heating in its develop- 
ment has passed through three broad periods; from 1889 to 1900 
electric melting ; from: 1900 to 1918 electric melting; and from 1918 
to date; what is now called industrial electric heating. Starting with 
high temperature processes which can be conducted economically only 
in the electric furnace, electric heating has progressed through. the 
whole temperature range of metallurgical and industrial processes 
down to simple drying and baking at low temperatures. 

Krom 1889 to 1900 electric heat was. used almost solely for 
smelting: processes, such as the manufacture of calcium carbide, the 


smelting of refractory ores to produce ferro alloys, the manufacture 


all of which are processes which can be conducted satisfactorily and 
economically only with electric heat. 

Carbide does a large part of the welding of the world. It 
lights the mines and is now the basis of many chemicals. The 200- 
kilowatt carbide furnace of 1889 has now grown to 10,000 kilowatts. 

The effect of electric furnace ferro alloys and artificial abrasives 
on modern industries has. been very marked. It has been stated 
that the electric furnace made the motor industry and built Detroit 


with ferro alloys and artificial abrasives. Every motor car contains 


al) 


ppreciable quantity of. electric furnace: product ferro alloys in 


ot artificial abrasives, and in the electrolytic production of aluminum, 
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its steel. Without them we would not have our high powered small 
light weight cars, airplanes, high speed cutting tools, stainless steel, 
electric heat treating furnaces or domestic heating appliances. With 
the exception of ferromanganese none of these ferro alloys can 
be produced as satisfactorily or economically in combustion furnaces 
as in the electric are furnace, and during recent years a large part 
of the ferromanganese used in this country has been made in the 
electric furnace. Our modern alloy steels result from the high grade 
ferro alloys of uniform composition produced cheaply in the electric 
furnace. 


Aluminum, the fourth product of the early period of develop- 


ment of electric heat, has not only been a metal of equal industrial 
importance to ferro alloys and abrasives but now enters into our 
yearly domestic life more than any other element except iron. Al- 
though it is one of the most.common elements in the world, its wide 
occurrence was useless until the electrolytic action of the direct 
current in a smelting furnace kept hot by resistance electric heating 
produced aluminum at a cost of .less than one quarter its former 
cost and made it available for industrial use. 

Thus, this early development of electric heating and electric 
smelting with the production of materials, forming the very basis 
of modern industry, was entirely along economic lines. 

In 1900, the second, or melting period of development of indus 
trial electric heating began with the invention of the Heroult electric 
furnace—the protype of most: modern steel melting furnaces, 
and progressed very: rapidly in Europe but slowly in this country 
until 1915 when war requirements of high grade alloy steel caused 
a tremendous increase in the use of electric melting furnaces in our 
steel mills and foundries. The electric furnace is now established as 
the most economical method of manufacture of tool steel, and 95 per 
cent of the tool steel produced in this country is now made electri- 
cally. The economics of the tool steel situation are all with electric 
furnaces as the saving amounts to $10 to $15 per ton in comparison 
with the old crucible furnace. Recently a new tpye of furnace, the 
high frequency electric furnace, has been applied to the production 
of these steels with some very remarkable results in improvement 
of quality at a cost only slightly higher than that of the electric arc 
furnace. In the foundry the electric arc furnace has practicall) 
driven the small converter out of the field, because of the 10 to 1) 
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cent higher metal recovery and ability to use an all scrap charge 





‘hout pig iron, which means. from.$10 to $15 per ton lower pro- 
tion cost. 
Investigations of the United States Bureau of Mines made in 
3 showed that large metal losses were taking place in the estab- 
ed methods of melting brass in combustion furnaces. The electric 
nace was suggested, but there was no suitable type available. 
Simultaneously there were developed three types of brass melting 
naces, the carbon resistor furnace, the vertical ring induction 


rnace and the rocking are furnace. Because of its higher operating 


cost the carbon resistor furnace has dropped out of the picture. ‘The 


vertical ring induction furnace is used almost universally in the roll- 
mill, almost all ot the rolling mill brass melted in. the United 
States today being melted in this furnace, and the rocking are fur- 
nace is the favorite of the foundry. Neither of these types of elec- 
tric furnaces is satisfactory to the small foundry operation. The 
recent developments of the rotary drum gas furnace fills an im- 
portant need in the small foundry which has never been taken care 
by the electric furnace: Due to the high investment cost of the 
electric furnace it does not usually pay to make an installation where 
he daily production is under 3000 pounds. It is doubtful whether 
this new gas furnace will prove competitive with the modern induc- 
furnace in the rolling mill. 
Klectric melting has progressed rapidly in the brass industry 
because the economics of the situation demand it. In Waterbury 
one electric brass melting saves over. $1,000,000 per year. This 
saving 1s accomplished because the over-all cost of electric melting 
is about $5 per ton less than the former coal-fired pit melting, due 
the saving in labor and lower zinc loss. Under present conditions 
the power cost per ton of metal melted is actually considerably. less 
the fuel cost and the lining cost of the electric furnace is a 
ittle less than the refractory and crucible cost of the pit fire. It is 
economic application. of electric heating. 

We are now in-the third stage of application of electric heating 
idustries, that is, heat treating and low temperature applications. 
his development really began about 1912 with construction of the 

sranular carbon resistance furnace by Bailey. It was not until 1915 


the possibility of using nickel-chromium alloys as resistors for 


trial heating devices or for heating large electric furnaces was 
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realized, although these alloys had been patented in 1904, U 


n- 
doubtedly the successful construction of large electric heat treatino 
- ‘ S 


furnaces heated by granular carbon resistors was the catalytic agent 
which put the best brains of the electric world to work on the appli- 
cation of metallic resistors to industrial heating. 

Since the construction of the first metallic resistor electric heat 
treating furnaces, about 10 years ago, great improvements have been 
made, so that today. the electric furnace is firmly established as a 
means of heat treating under suitable local economic conditions, 
It will retain this position only so. long as it-is applied economically, 
In any. situation if any improvement made in construction of oil and 
gas furnaces results in the lowering of over-all cost, the economic 
situation will compel the displacement of the electric furnace by 
these fuel furnaces. 

Today, more than ever, metal working industries realize the im- 
portance of heat treating in their operations. It 1s now generally 
understood to a greater extent than ever before that a comparison of 
costs of sources of. heat on a thermal basis means nothing without 
a complete investigation of over-all costs. [ven if such an investi- 
gation leads to no change in.the source of heat, I believe it well 
worth while, because it invariably results in the discovery of little 
realized weak parts of the plant practice which influence production 
costs materially. Selection of the source of heat for heat treating 
is an economic problem with the final choice depending on the local 
economics as shown by the over-all cost of the finished product with 
the different sources of heat. 
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§ By J. E: Carin 

nt 

i Abstract 

at This article was prompted by the fact that the duplex 

en process embodies two” features whose successful utilisa- . 

a tion will very materially assist tn changing the basic open- 

ti. hearth process from an art to a science; these two features 

% are change of slag by the use of a tilting furnace and de- . 

y. vidation with .carbon, i 

nd /t is quite generally accepted that the reaction i 

Cc C+ FeO S&S Fe + CO t 

by i 

represents the mechanism by which carbon is oxidized in | 
‘he basic open-hearth furnace. The oxidizing mechanism ‘i 

_ s such that considerable ferrous oxide is introduced into 

lly ‘he metal; its presence ts harmful to the finished steel and 

of is more or less completely removed by such reducing \| 

vut agents as silicon and aluminium. The reduction products, ie 

ti- silica and alumina, are solid refractories and their pres- 4 

el ence is probably more harmful than the ferrous oxide. 

| Oxidation ts always accompanied by reduction and the 

tle possibility presents itself of wdilizing both principles in the 

ion same reaction. As long as the slag contains iron oxide, 

ing ridation is predominant; if the oxidising slag is replaced 

cal hy a neutral one made up of lime and spar, it should be 

ith possible to. reduce the remaining oxide by the residual or | 
additional carbon. i: 






t duplex process which combines the rapidity: of the acid 
Bessemer process with the dephosphorizing power and close 
ntrol of the basic open-hearth process is interesting both from a 
hemical and an economic viewpoint. It is carried out usually in 
tilting Talbott furnace of 100 to 300 tons capacity and was de- 
signed originally for the rapid manufacture of low carbon steel of 
nnage quality. Certain refinements have been developed recently 
the process is now capable of producing. steel of any carbon 
content, of a quality which approaches, and with good practice, 
rivals that of the regular basic open-hearth process. In common 










author, J. E. Carlin, member of the society, is on the’ metallurgical 
the Union Drawn Steel Co.,- Beaver Falls, Pa. Manuscript’ received 
17, 1930. 
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with the majority of steel-making processes two factors of 


unportance are the slag and the charge. 
THE SLAG 


[In its function and composition the slag differs radically fro 
that of the: regular basic process. ‘The most .important slag tune 
tion of either process ts the elimination of phosphorus. The mech 
anism of this elimination has been shown! to consist in the oxida 
tion of phosphorus to ferric phosphate and its subsequent neutral 
zation by lime, according to the following reactions : 


(1) 2P + 8 FeO = FesP20s + 5 Fe 
(2) FesP:0s + 3 C — -CasP.0s + 3FeO 


The algebraic sum of reactions. (1) and (2) gives reaction 
(3) 2P + 5 FeO + 3 CaO = CasP.0;3-+ 5 Fe 


which means. that the oxidation and permanent removal of phos 
phorus depends upon.an excess of both ferrous oxide and lime, and 
is further favored by low temperatures. 

In the pig and scrap method of the regular basic ‘process, a 
charge of approximately 50 per cent pig iron, 50 per cent scrap is 
generally used. Practically all of the scrap is of basic open-heart! 
manufacture with a phosphorus content of approximately .0.015 pei 
cent.. The pig iron used is produced from. basic ore and contains 
around 0.225 per cent phosphorus.. In a 200,000-pound charge there 
would be approximately 240 pounds of phosphorus to be removed. 

In the duplex process the charge may. consist of duplex metal 
blown entirely from basic pig iron. The phosphorus content of 
200;,000-pound charge would be approximately 450 pounds. The slag 
of the duplex process, therefore, must be capable of oxidizing and 
removing approximately twice: as much phosphorus. as that of the 


} 


regular basic. process. The iron oxide content, therefore, is 0! 


necessity comparatively high and for this reason sulphur elimination 
is retarded except when unusually large amounts of lime are added 


Immediately after the tap, the slag for the next heat is mad 
up. This is done by charging alternately roll scale and burnt lime 
The furnace is not emptied completely and the heat of the residua! 
metal serves to fuse the scale and lime into a homogeneous mass 
The amounts of scale and lime charged have been determined }) 


1c, H. Herty Jr., Bulletin 34,. Bureau of Mines. 














according to the following reaction. 
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ience and vary with the quality desired and to a certain extent 


the charge. 
‘THE CHARGE 


nike the regular basic process the charge is usually com- 
etely molten and consists of duplex metal followed by approxi- 
y 10 to 20 per cent of its weight of pig iron. Duplex metal 
name given to the product of a Bessemer blow which has not 
deoxidized or recarburized by manganese. 
in the acid Bessemer process, it is possible to remove perma 


tly practically all of the carbon, manganese and silicon initially 


resent in the pig iron. Due to the absence of a basic slag, phos- 


rus and sulphur are not eliminated and. it is found that their 
rcentage composition actually increases due to oxidation of the 

This increase amounts to approximately 10 per cent. Owing 
the extreme rapidity of the process, it is very difficult to stop 


he blow at a predetermined carbon content, and it is the usual prac- 
tice to blow full, which means that the resultant product contains 


proximately 0.05 per cent maximum carbon, 0.10 per cent maxi- 
un manganese and the phosphorus and sulphur content approxi- 
itely 10 per cent higher than that of the initial pig iron. Duplex 
ietal may be produced from either basic or Bessemer pig iron, 


e only difference being in the phosphorus content. 


(he duplex metal -is charged into the furnace from ladles of 


pproximately. twenty-five tons capacity as this weight corresponds 
to that of a Bessemer blow. The ladles may be either of the lip or 
pout variety, which means that if the lip type is.used, the duplex 


tT 


netal is poured. from the top, while if the spout type is used, the 


metal is teemed from the. bottom. A slag consisting of silica, iron 


manganese oxides is produced in the Bessemer: process, and in 


ilting the converter at the tap, a considerable.amount of slag is 


necessity run into the ladle with the metal. If the lip type of 


adle is used various amounts of this objectionable slag are charged 
nto the furnace. 


(he amount of duplex metal charged is determined by the capa- 


sty j 


ty ot the furnace. As soon as the charge is complete, approxi- 


mately 10 to 20 per cent of its weight of pig iron is added. This 


causes a violent reaction owing to evolution of carbon monoxide 

















(4)° C + FeO @.CO + Fe 
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The violence of the boil is determined by the degree of oxj- 
dation of the duplex metal, its temperature and. the temperature 
of the pig iron. As a result of the vigorous reaction the metal and 
slag are intimately mixed and the high concentration of ferrous 
oxide together with low silica insures a rapid and practically com- 
plete oxidation and removal of phosphorus. 

At this point an interesting comparison with the regular basic 
process suggests itself. In the regular process, iron oxide in the 
form of iron ore is used to oxidize an excess of -carbon, while in 
the duplex process an excess of carbon in the form of molten pig 
iron is used to reduce the iron oxide which saturates the duplex 
metal. 


At the present time, it is not practicable -to determine the 


degree of oxidation of the duplex .metal—consequently the amount 


of pig iron necessary to. effect complete deoxidation and to pro- 
vide for a slight excess of carbon is more or less guess work. The 
rate at which the iron oxide in.the metal is reduced by the carbon 
of the pig iron depends upon the concentration of each ‘and upon 
the temperature. As soon as carbon is’ present.in the metal, it is 
also acted upon by the iron oxide in the slag. The diffusion and 
reaction rate 1s proportional to the concentration of the iron oxide 
in the slag, the viscosity of the slag and the temperature. Oxidation 
of carbon by the ferrous oxide already present in the metal and by 
that which diffuses {rom the slag proceeds ‘simultaneously. The 
rate at the start-or until the ferrous oxide and carbon in solution 
come near to equilibrium is exceedingly rapid. ‘The intensity dimin- 
ishes as equilibrium is approached and when a medium uniform boil 1s 
present over the bath, it may be assumed that the carbon and ferrous 
oxide in solution are practically in equilibrium and that the reaction 
proceeds due only to diffusion of ferrous oxide from the slag. The 
importance of regulating and controlling the amount of ferrous oxide 
in the duplex metal and in the slag cannot be. overestimated. The 
composition of the slag is, of course, easily controlled but that of 
the duplex metal is difficult. A duplex metal heat may be-blown in 
a comparatively short space of time and unless the flame is ver) 
carefully watched at the end, overblowing to a great extent 1s pos- 
sible. The ideal procedure would be to determine the extent o! 
oxidation scientifically and calculate the amount of carbon or pig 
iron- necessary. This is not practicable as yet and the next best 
procedure is to add an amount of pig iron which is greatly in excess 
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may be done by checking the carbon on a number of heats as 


soon as the violent reaction has subsided. This will give a rough indi- 


of how much pig iron is necessary to leave an excess of carbon 


which can be oxidized slowly by the slag. It happens sometimes that 


) excessive overblowing or insufficient pig iron, or both, the 


ire test at the end of the heavy boil shows the carbon to be 


xtrenely low. This means that the ferrous oxide in the metal was 
sufficient to oxidize-all of the carbon without the help of the slag. 
\ heat tapped in this condition even though sufficient coal or coke 
is added to bring it within the carbon specification, will be extremely 
vild, and is indicative of very poor practice. Good practice neces- 


sitates a careful watch of the violence of the boil and toward the 
end of the heat, if the carbon is dropping rapidly, more pig iron 
should be added. ~The duplex process offers an exceptional oppor- 


tunity to study the rate of the reaction. 





C + FeO @ Fe + CO 


\lthough carbon is eliminated according to this reaction in 
oth the. regular and the duplex processes, in the regular process 
irbon elimination, except when ore is added, depends upon dtffu- 
sion, Which in turn depends upon temperature, composition and vis- 
osity of slag 
[’xact conditions of slag viscosity and temperature, from heat 
to heat, are difficult to duplicate and maintain, and to study the re- 
action on a practical scale, it is necessary to provide a system which 
allows.a knowledge of the temperature, and the concentrations of 
both ferrous oxide and carbon in the metal at the start of the re- 
action.. These concentrations should be such that the: reaction is 
considerable distance from equilibrium at the start. Such con- 
ditions would insure freedom from slag viscosity complications. 
\t the present time, it is impossible to determine the tempera- 
ture with an instrument, but it may be assumed constant within 
tairly close range. In the duplex process the oxygen content of 
the metal may be determined and the carbon content calculated from 
nalysis of the pig iron and the total volume of the metal. In 
nanner slag viscosity may: be disregarded for it may be assumed 
until equilibrium between carbon and ferrous oxide in the-metal 
‘losely approached diffusion of ferrous oxide from slag to metal is 


ot little importance. Thirty or forty points of carbon may be elimi-. 


late 11) 


ll a comparatively short space of time, and during this period, 
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the temperature may be assumed to remain constant. If the carbon 
and oxygen contents are determined at regular intervals and the 
results. plotted on a time-carbon-oxygen diagram, ‘interesting and 
practical information may be obtained. Due to the silicon and man- 
ganese content of the pig. iron, the results obtained would be rela- 
tive, but inasmuch as the concentration of manganese and silicon 
of the bath as a whole would be small, the results would not be af- 
fected from a practical standpoint. 


FINISHING THE HEAT 


Ideal finishing conditions include— 


(1) Equilibrium between slag and metal with respect to 


iron oxide. 

(2) <A judicious use of silicon and manganese, (determined 
by carbon content) to effect deoxidation as nearly as possible and 
to promote fluxing and elimination of the solid deoxidation products 

(3) <A tapping technique which will provide a ladleful of 
steel before the slag comes. 

(4) A minimum amount of slag covering metal in ladle. 

(5) Dilution of the ferrous oxide concentration of the slag 
in the ladle by the use of burnt lime and spar. 

(6) <A temperature high enough to warrant holding the heat 
in the ladle. 

Kconomy will not permit tapping the heats at equilibrium, but 
if the amount of scale charged is regulated with due respect to the 
charge, to the amount of pig iron added, and to the carbon desired, 
ideal conditions will be approached. 

If it is considered that the carbon content’ and temperature 
determine approximately the amount of ferrous oxide in the metal, a 
ratio of manganese to silicon may be calculated which will provide fo 
maximum deoxidation and optimum fluxing of the deoxidation 
products. 

Care and practice in plugging the tap- hole will insure that the 
next heat will be tapped through a-hole large enough to keep the 
steel at the right temperature, and: yet small enough to hold the slag 
back until the ladle is nearly full. If an early slag occurs wildness in 
the ladle and excessive loss of: carbon, manganese and silicon results 

When the heat is in the ladle with its blanket of slag, diffusion 
of iron oxide from slag to metal takes place just as it does in the 
furnace. In theory, the rate of diffusion does not depend upon the 
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it of. slag, but in practice it is found that the amount is very 






















on 
om tant, especially when the iron oxide content of the slag is high. 
— Fer this reason the amount of slag in the ladle should be kept at a 
a um. It is possible to correct the harmful effects of a large 
ela- nt of highly oxidizing slag by the addition of a mixture of 
ian lime and spar. This mixture should be added after the slag 
af Its purpose is to dilute the concentration of ferrous oxide 
by checking diffusion. 
\ high finishing temperature serves to decrease the amount of 
errous oxide in solution for a given carbon content, and to decrease 
he viscosity of the metal. This decreased viscosity provides the 
to best conditions for fluxing and eliminating the deoxidation products. 
the above practices have been followed, the various reactions i 
ned should be in equilibrium and if the temperature is high enough to i 
and yvarrant holding the heat in the ladle this will promote complete dif- ; 
cts fusion and equalization of the ladle additions and elimination of the 
0 leoxidation products. 
DEOXIDATION OF THE SLAG 
slag The superiority of electric furnace steel may be assumed to be 
lue to the fact that the finishing slags are neutral or reducing. In 
hea electric furnace practice, when the carbon has reached the desired 
ercentage, the oxidizing slag is raked off and a new slag made up 
but lime and coke dust ‘is charged. By this method, equilibrium ; 
th between slag and metal with respect to iron oxide is assured, and ‘i 
re iphur elimination to a minimum is possible. Slag deoxidation. is tl 
not attempted as yet in basic open-hearth practice, as slag volume t, 
ture in this process 1s very large and the phosphorus and sulphur content . 
ala t.the slag is generally much higher than in electric furnace practice. by 
. for The tilting open-hearth furnace offers the possibility, however, r 
tiot this ideal. may be realized in time. ‘With the tilting furnace it 
is possible to reduce the slag volume to a large extent. Suitable ad- 
the litions of spar and lime could then be made so that the iron oxide, 
. the phosphorus and sulphur contents would be reduced materially with 
slag very little danger of the phosphorus and sulphur returning to the 
38 il metal. All ladle additions could then be made’ in the furnace, with 
sults avery small loss of manganese, silicon or other ferro alloys. 
ision Chis procedure could be worked up on tilting furnaces of around 
. the ity tons capacity, and, if practical, applied to the large furnaces 


Wing 


ire in wider use. 


ANNEALING OR SOFTENING OF NITRIDED STEELS py 
CHEMICAL DECOMPOSITION OF THE NITRIDES 


By WittrAm J. MERTEN 


Abstract 


This paper describes the method of softening the 
nitrided case of .aluminum-molybdenum and aluminum 
chromium nitriding steels by chemical decomposition of 
the nitrides in a fused sodium-potassium chloride bath 
(50/50 NaKCl). The temperature of the bath ts low 
and the method of heating under degasifying conditions 
and uniformity of distribution results in avoiding serious 
distortion, warping and scaling. The steel parts are rend 
ered -machinable with ordinary cutting tools, so that 
changes, alterations or additional machining may be pei 
formed, 

(he paper also points out service conditions under 
which mitrided steel parts do -not. perform satisfactorily 
since, due to atmospheric conditions, deterioration by 
chemical reactions are mevitable. 

Apparently denitrided steels can again be reprocessed 
without im any way affecting the quality of the case. 
Hardness, chemical inertness and other characteristics do 
not seem .to be impaired at all and. service performance 
has been. equally as good on renitrided parts as on original 
work, 


INTRODUCTION 


ISTORICAL—One of the most frequently encountered objec 
tions to the application of nitrided steels in die molds and 
parts where changes in die impression and fitting parts are more 


or less frequent, is the fact that ordinary annealing methods involving 


heating and slow cooling in gaseous atmospheres, liquid lead baths 


or vacuum furnaces are not successful nor practical. Temperature 
ranges up to 2000 degrees Fahr. do not’ render the nitrided case 
machinable: with ordinary ‘machine cutting tools. Even uniform 


grinding is difficult'to perform after such treatment. Obviously: to 


A paper’ presented before the Semi-Annual meeting of the society, New 
York City, February 7 and 8, 1930. The author, William J. Merten, membe' 
of the society, is metallurgical engineer, Westinghouse Electric and Manutac 
turing Co., East Pittsburgh, Pa., Manuscript received January 21, 1930. 


638 








SOFTENING NITRIDED STEELS 639 


.S BY 
=s t close fitting parts to thermal treatments at such high tempera 
would cause excessive distortion and is. entirely impractical 
her reasons. It was my good fortune to discover quite early 
nitriding development stages, the practical method of soften- 
trided steels. During a visit with G. Albert Lyon, the auto- 
e bumper inventor, in July 1926, at Asbury Park, N. J., 
- while discussing nitrided forming dies for his ring bumper form- 
| machine, the consideration of probable changes and alteration 
I f contours and curvature led to an experiment for softening with 
v everal nitrided cylindrical slugs made of aluminum-molybdenum 
s itriding steel. Phe slugs were nitrided by A. Machlet of the American 
. furnace Co., Elizabeth, N. J. One slug was heated in the 
| is-heated combustion chamber of a shallow -circular container salt 
ith furnace of special design for ring bumper heating, to 1800 
egrees Fahr. while the other slug was immersed in the fused salt 
f 50/50 NalkCl composition held at a temperature around 1500 
Y legrees Fahr. The piece heated in the fused salt responded nicely 
to the treatment and was entirely soft.to the file after some time 
/ { immersion followed by slow cooling. ‘The other. piece heated 
the combustion chamber for several hours at 1800 degrees Fahr. 
d not lose its file hardness but scaled slightly. 
ivpertmental W ork—Subsequent work with nitrided steel parts 
; showed that. softening or decomposition of the nitrides takes place 
lower temperatures or near the melting or fusion point of the 
salt mixture. However, the surface-or skin only is softened and 
. the underlying case is not affected. At high temperature apparently 
a diffusion of the nitrides. of the case into the denitrided surface 
— layer takes place and further decomposition results until a. very 
a inarked dilution to complete decomposition occurs. 
i (he physical-chemical reaction of the process is probably a 
at lormation of (NCI,) nitrogentrichloride gas by interaction of 
. \tokeN, and NaKCl at the surface where intimate contact at high 
i. temperature between the fused alkaline chlorides and the nitrides 
te exists under -exclusion of other interfering gaseous. elements and 
: compounds. The speed of the migration of the nitrides of the case 
New to the surface obviously depends upon the temperature of the steel 
ember and the bath, the higher temperature naturally favoring .a shorten- 
a ing of time period for decomposition and dilution or softening of 


1 


the nitrided case. 
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Fig. -1—Strip of Aluminum-Molybdenum Steel Inch Thick Nitrided 
Entire Section.  .125. 
Fig. 2—Same as Fig. 1. X ‘850. 


The softening of the case of nitrided steel is therefore primaril 
a chemical decomposition of the hardening compound and the elimi 
nation of one of its elements nitrogen in a gaseous form (NCI,) 
after reactions and combining with the chloride reagent. Denitriding, 
therefore, cannot be classed as an annealing operation, since anneal 
ing of steel is due to a grain. structure modification upon heating. 
Migration and diffusion of nitrides naturally occurs also’ inwardly 
so that a complete denitriding in fairly large sized cross sections 
cannot be expected. However, a considerable dilution of the con- 
centration of the nitrides is producing a-‘softening of sufficient degree 
to allow machining to be performed. Intensified nitride migration 
to the outside is evident from the photomicrographs. The chemical 
reactions apparently have a catalytic effect influencing the direction 
of diffusion toward the surface. An _ interesting. illustration of 
these changes during denitriding is presented in the set of four 
photomicrographs. Figs. 1, 2:and 3 are sections from a strip of steel 


ay Inches by 1'% inches by 12 inches in length of aluminum-molyb- 


denum nitriding: steel which was nitrided through its entire section 
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ermine the physical chara¢teristics and strength of the nitrided 
Fig. 1 is -the-section at 125 diameters magnification, while 






Fig. 2 is: the same section at 850 diameters. Fig. 3 is. part of this 






denitrided and: shows complete softening and decomposition 






the nitrides. Obviously complete decomposition is not necessary 






niost cases and it is practical only when dealing with thin sec- 






ions. Fig. 4 is a partly denitrided piece of aluminum-molybdenum 






‘itriding steel of greater cross section at 150 diameters magnifica- 






ion and. shows the tendency of diffusion toward the surface. There 






is some. diffusion inward however so that dilution rather than 






complete decomposition of the nitrides will be accomplished in 






heavier section material. Denitriding is a time-temperature reaction 






ind its speed is directly proportional to the temperature above the 





fusion or melting point of the salt mixture, and since a practical nee 





speed of diffusion of nitrides requires a temperature of -approxi- 





mately 1500 degrees Kahr. the temperature for denitriding should be 






about 1500 degrees Kahr. 










et 
DENITRIDING OF NITKIDED STEEL SURFACES BY ri 





CHLORINE CONTAINING GASES 






Surface denitriding by chemical decomposition and formation 







of a nitrogen halide with gaseous halide compounds such as chlo- 






rides, bromides, fluorides, iodides is encountered in service on 





nitrided valves in internal combustion engines which use ethyl 





bromide compounded gasoline fuel. The result is a pitted valve 







surface and a leaky valve. The limitation of nitrided steel parts 







in service where a halide gas or one of its compounds is a con- 







stituent of the atmosphere is consequently evident. Denitriding in’ 


hot dry ‘chlorine gas would be an interesting experiment although 






its pitting action by chemical attack on other ingredients of the 






nitrided case will probably militate against its application. Mention 





should be made here that denitriding of nitralloy, the chromium- 





aluminum steels, is equally as successful in the fused KNaCl bath, 






n tact the removal of the nitrides by decomposition is more complete 






two reasons 





|. Inward diffusion is less, due to greater sluggishness of 





ration in chromium alloys. 





) 


-. Nitrided cases of chromium alloy steels ‘are generally thin- 


than those obtained on aluminum-molybdenum alloy -steels. 







Uhe experiments made on denitriding included nitrided alumi- 











Same Specimen Used After Nitriding as in Fig. 1. Specimen Entirely Soft. x 850 

Fig. 4—Partly Denitrided Strip of Aluminum-Molybdenum Steel ™% Inch Thick 
Showing Tendency of Nitrides to Diffuse Toward Surface and Center During Treatment 
in Fused NaKCl Salt Bath. ™&* 150, 


Fig. 3—Completely Denitrided Strip of Aluminum Molybdenum Steel y Inch Thich 


num-chromium: steels although the details of. the practice were 
worked out on molybdenum-aluminum steels, the alloy used ‘by 
the Westinghouse [Electric and Manufacturing Co. on nitrided parts. 


THe DENITRIDING PROCESS 


In actual practice the denitriding is carried out by immersing 
the nitrided part in the fused salt bath of large enough volume and 
which is at a temperature sufficiently high to keep the salt: liquid 
on putting the part into it.. The bath and piece is heated to a 
temperature of approximately 1450. to 1500 degrees Fahr. and is 
held for sufficient time to assure uniform penetration and is then 
cooled slowly to slightly above the freezing point and held to equalize 
temperature. -The piece is then removed from the bath. The adher- 


ing salt film is shaken off and the piece allowed to cool in lime. 


lor deep cases, the time period for holding at high heat should 
be 2 to 3 hours. Molybdenum steels of over 0.50 per cent molyb- 
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: exhibit air hardening characteristics. It is therefore essential 
low cooling be conducted. Distortion also is_kept to a minimum 






hy such procedure. A Brinell hardness below 250 can usually be 





obtained on denitrided parts, which hardness permits machining. 





\ny adhering salt film must be removed by washing in boiling hot 






water before the softened parts reach a temperature below 200 de- 






erees Fahr. to avoid pitting and corroding of surface by the hygro- 






scopic salt. 









RENITRIDING OF SOFTENED ALUMINUM-MOLYBDENUM STEELS 






Renitriding of parts so softened has not introduced any: diffi- 





culties, nor has it produced new characteristics; although this work 





has not been extended to the aluminum-chromium steels, so there 





ee 


may be a remote possibility that aluminum-chromium steels may 





respond’ differently but more favorably to reprocessing, than the 





original material. 






SUMMARY 






\ summary of the. pertinent and important points relating to 






the softening of nitrided aluminum-molybdenum steels include the 






following : 






1. The chemical decomposition of nitrides resulting in the 






softening of hard nitrided steels is a time-temperature process con- 







sisting of surface decomposition of the nitrides, followed by diffu- an 
sion into the nitride-freé area of nitrides migrating from more uty 

, . . . Ali 
centrally located areas of the case, presenting a further supply for if 





chemical reaction with chlorides at temperatures which permit simul- 





taneously diffusion and chemical decomposition. 





2. used double alkaline chloride salt baths offer a practical f 





equipment for a process of denitriding steel parts for the purpose 





ot rendering them again. machinable for alteration, changes or 





modiheations of design of such parts. 





3. Gaseous atmospheres containing chlorine gas or.a_ halide 





compound at elevated temperatures such as result from combustion 





? 


ol ethyl bromide charged gasoline will decompose nitrided. part with 





which it comes in contact and causes pitting and serious defection. 





'. Denitrided parts can again be renitrided without apparent 






in quality from the originally nitrided steel. 





).. Complete denitriding is practical only’ on parts of thin 
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cross section, since inward diffusion occurs on heavier parts, with 
consequent. dilution of nitride concentration and softening of the 
case to allow re-machining, rendering further chemical softenin 
unnecessary. 


CONCLUSION 


In concluding, the writer wishes to point out ‘that the informa- 
tion is of tremendous value. to the nitriding industry as well as the 
die casting industry, since it removes the only obstacle to employ 
nitriding steels for die molds, namely the much heralded inability 
to soften the die for changes appearing necessary after castings 
have been made and which are found to require alteration in gating 


or modifications of design for satisfactory service. 


DISCUSSION 














V. O. Homerserc’: I know that those of us who are interested in th 
nitriding process will appreciate Mr. Merten’s contribution. Articles to bh 









nitrided will not distort to any appreciable extent provided all internal strains 
are removed before their subjection to the action of the ammonia gas. There 
are, however, users of the nitriding process who do not observe this precaution 
with the result that the treated articles are distorted to such an extent that they 
are unfit for use. It is obvious that the application of any method whereby the 
nitride case can be rendered sufficiently soft for machining is of paramount 





importance. Two possible methods for accomplishing this result include a suit 









able heat treatment and the decomposition of the nitride. The use of heat 
treatment fails to give a hardness equivalent to less than about 450-500 Brinell 
Obviously such a surface hardness cannot be machined except with great difh 
culty. Since Mr. Merten obtains low hardness values his results must be ob 
tained by: the decomposition of the nitride. _His process makes it possible to 
straighten and to heat treat the articles after the decomposition of the nitrid 
and then to re-nitride. I wish to congratulate Mr. Merten not only in this 


very important accomplishment, but also in the simplicity of his method. 





A. B. Kinzet*: ‘There seems to be no need to further emphasize the im 





portance of this. Mr. Merten certainly is to be congratulated. It is a ver) 






fine piece of work. What I would like to know is, during the diffusion pro 
ess, what is the approximate diffusion inwards and outwards. 

GLEN Cotry*: I would like to ask Mr. Merten if there -would be any e¢! 
fect on a nitrided piston. with the car burning ethyl gasoline. 
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) Homerserc: I would like to ask Mr. Merten what effect the de 
on of the nitride has upon the final dimensions of the part. 

V. Exuis*: IL should like ‘to ask what direct evidence Mr. Merten has 
rmation of this gas when the combination with chlorine takes place. 
of course, considerable indirect evidence, but I would like to know if 

ny direct-evidence at all. 


Author's Closure 


[ had the photomicrograph taken the manner in which the diffusion 
itrides took place surprised me toa very great extent. While migra 
occur towards the center the greater percentage migrated to the 
probably because of a very favorable condition of the grain structure. 
| have no direct tests on physical properties, such as tensile strength, the’ 
ed parts, which were principally die mold parts, did, if anything, show 
erformance than the original ones. This was probably due to the. im 
grain structure plus a certain amount of refinement that had taken place 
ng at 1500 degrees Fahr. in fused ‘salt. 
regard to: piston rings, I would say that while the reaction may 
not be as intense as it would be at higher temperatures, | certainly 
k that a chemical activity of halides found in gaseous mixture does 


pitting. It may be slow, but it certainly does occur. In faet, I sus- 


hat ordinary room temperature will be sufficient to bring about a de- 


ition of nitrides. 


nfortunately, we have not made any measurements of different physical 


of the materials that were put.through the renitriding process, we 

a growth differing from that of the originally nitrided material. 

ting parts of a-die mold are never so close as to in any way militate 
heating and cooling in a salt bath, and the probable change of 0.001 of 
which occurs during the renitriding due to the formation of the nitrides. 


Ellis’ question came to me quite early in the work. For a long time 


ht for a sound reason for making that statement. I finally came across 


that the only way to. produce nitrogen. chloride is in that manner. It 
demonstrated to occur with all halides. Nitrogen trichloride gas does 
this manner and at the temperatures of the fused chloride salt bath. 


A.S.S.T., director of metallurgical research, Ontario Research Foundation, 


ada, 
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Abstract 


This. paper. is based quite: largely upon researches 
carried out by the author and some of his former as 
soctates at the U.S. Bureau of Standards, and its prepara 
tion was undertaken in response to requests for a co 
ordinated summary of the several phases of the original 
work which was reported at. intervals in separate papers. 
However some new data have been added. 

Part One comprises a description of test methods, a 
discussion of the characteristics of cooling curves obtained 
in different coolants, and a summary of the effects of size 
and shape of sample upon the cooling of. steels. 

Consideration is given to both center and surface 
cooling mm different coolants, and the data for center cool 
ing are summarised both graphically and in equations 
which permil the computation of center cooling curves in 
different media for various sizes and shapes of Steel, 


Chapter I 


INTRODUCTION—-METHODS AND EQUIPMENT FOR 
OBTAINING COOLING CURVES 


INTRODUCTION 





T HkX importance of heat treatment and the widespread applica- 
tion of many alloy: steels are largely due to the ability to vary 
their hardnesses, and concomitant properties, over wide limits by 
varying the manner of cooling from high temperatures. Therefore, 
studies of coolants, and of their effects upon different steels, are o! 
practical interest as well as of fundamental importance. 

This paper is based quite: largely upon researches carried out 
by the author and some of his former associates at the U. 5. Bureau 
of Standards during a period of 6 years. Its preparation was un 
dertaken in response to requests for a coordinated summary of the 
several phases-of the original work which was reported at intervals 






The author, H. J. French, member’ of the society, is metallurgist, Develop 
ment and Research Department of the International Nickel Co., Inc., Bayonne, 


N. J. 
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arate papers. While a rearrangement of the data has been made, 
e part of the descriptive matter in these papers is reproduced 
nly minor modifications and the author acknowledges his in- 
‘ness to his former associates, and in particlar to Messrs. O. Z. 
ch. T. E. Hamill and G. S. Cook, for their contributions as 
ned in the original papers’ **:* However, some previously 
lished data have been added and there has been amplification 
me portions of the text especially as regards the practical appli- 
-of the results of the experiments. 
it is known that the properties of steels depend upon (1) their 
hemical composition, as now ordinarily determined, (2) other vari- 
jes of manufacture, which cannot all be so readily defined and 
chich are not always understood but which may be reflected in 
tructural differences in special tests such as the MeQuaid-Ehn car- 
ine test, (3) the temperature from which the steel is cooled, and 
the manner of cooling. 
Studies were made of each of these variables but item 4 received 
‘he most attention since one of the principal objects of the work was 
make a study of coolants for heat treatment. 
Variations in initial temperature of cooling (item 3) modify the 


ooling rates obtained in given media but sometimes they exert a more 


20R 

bad sronounced influence upon the properties of steels through. changes 
the temperatures at which the transformations take place. 
However, the manner of cooling depends directly upon a large 
aumber of other variables. These include the composition of the 
pplica- coolant, its temperature and the manner in which it comes in contact 
0 vary vith ‘the heated ‘metal, the size and shape of the article, the proper- 
its by ties of the metal being cooled including the characteristics of its ox- 
refore, des (seale), the manner of preparation of: the articles (machining 
are ol nd heating prior to hardening) etc. These and other variables en- 
countered in the practical application of coolants .in heat treatment 
ed oul H. |. French and O. Z. Klopsch, “Quenching Diagrams tor Carbon Steels in Relation 
Bureau Some Quenching Media for Heat Treatment,” Transactions, American Society tot Steel 
Vol. 3,. 1924, p. 251. 
yas un 


H. J. French and O. Z. Klopsch, “Initial Temperature and Mass: Effects in Quench 
of the echnologic Paper of the Bureau of Standards, No. 2995; TRANSACTIONS, American 
’ Steel Treating, Vol. 9, 1926, p. 33. 
itervals - 2 
H. 7. French and O. Z. Klopsch, ‘Characteristics. ot Quenching Curves.” Technologic 
f the Bureau of Standards, No. 313. 


Develop 


Bayonne, ‘HH | French, G. S. Cook and , Hamill. “Surface Cooling of Steels in Quench- 


RANSACTIONS, American Society for Steel Treating, Vol. 15, 1929, p. 217.° 


French and T. E. Hamill, “Hot Aqueous Solutions for the Quenching of Steels.” 


Ns, American Society for Steel Treating, Vol. 16, 1929, p. 711. 
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were studied in the experiments and form the basis of the succeed- 
ing discussions. 


2. Metrnops AND SPECIAL EQUIPMENT FOR OBTAINING THE 


CooLING CURVES 


Perhaps the simplest method of studying coolants for heat treat- 
ment is to apply them to steel: samples and examine the structures 
and properties produced. This method has been used widely and if 
the conditions of the experiments are suitably chosen the results ob 
tained will be directly applicable to the solution of practical problems 
However, such procedure shows only the results of the cooling proc 
esses and does not show the means by which the results were pro 
duced. 

The procurement of cooling curves comprises a second useful 
method of study. While this may develop. the outstanding charac 
teristics of different coolants the data procured cannot readily be in 
terpreted in all cases in terms of the properties of steels and the ex 
perimental difficulties encountered in studying rapid coolants often 
makes confirmatory data from other test methods desirable. 

A more complete picture is obtained by a correlation of the 
cooling characteristics of different media (cooling curves) with th 
results produced in steels. Such a correlation is important in ar 
riving at a more complete understanding of the characteristics o! 
different coolants and of their effects upon steels and is the basis ot 
the experimental work described in this paper. 

The determination of the manner of cooling is relatively simple 
only when the rates of temperature change are low. Few methods 
of measurement can be applied successfully to the rapid cooling en- 
countered in water and the aqueous solutions widely used in the 
quenching of steels. Also, with many of the customary cooling 
liquids, other difficulties are encountered in securing accurate and 
useful data as will become evident in the discussion of the exper! 


ments. 


a. The “String” Galvanometer and Quenching Equipment 


The cooling curves reproduced in this paper were all obtained 
g | 


with an Einthoven “string galvanometer” and thermocouples, suitabl) 
mounted on steel specimens. The galvanometer consisted of a tung’ 
ten wire (“string”) about 0.0003 inch in diameter, suspended 1n ‘ 


strong magnetic field. 
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\Vhen such a wire is connected to a source of electromotive 

(for example, a. thermocouple), a deflection is obtained 
vhich is. proportional to the current in the string circuit; if 
the magnetic. field and the resistance of the string circuit remain con- 


stant, deflections of the string, (if not too large), are proportional 









Resistance, ohms 























400 600 800 1000 









Temperature, deg. C. 


















Fig 1-Change in Resistance of Thermocouple (with 
Copper Leads) during a Heating or Cooling Cycle with 
the Equipment Described. 

These Values were Used in Determining Errors in Cali 
bration of the Apparatus which would Result from Neglect 
of the Change in Resistance of the Thermocouple. 





































to the electromotive force and may be readily converted into temper- 
iture equivalents. Wath the equipment used a change of about 9 mil- 
livolts [approximately 950 degrees Cent. (1740 degrees Fahr.) with 
platinum, platinum-rhodium thermocouples], was equivalent to about 
0.0025 inch maximum deflection of the string. Actually the resist- 








ance of the string circuit changed slightly during quenching, due to 
he cooling of varying lengths of heated thermocouple wires, but it 







was found that variations from this source in the proportionality be- 
tween string deflections and electromotive force were within the ex- 
perimental error and, therefore, could be neglected. (See Figs. 1 


ne 2 
1d ) 










With a suitable source of light (arc lamp) and optical equip- 
ment, the image of the string was projected, at about 500 diameters, 
pon a moving photographic film or paper and a continuous record 
ol temperature so obtained. ‘Time intervals were recorded by inter- 
tupting the beam of light by means of a slotted disk rotated at con- 


? + 
Man 


speed through the use of a synchronous motor and tuning fork, 
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Typical curves obtained with the described apparatus are reproduced 
in Fig. 3. 

The quenching of small samples, having diameters less. than 
about 244 inches, was done in the special equipment shown in Fig, 4 
The specimen S with thermocouple (T) in place and mounted on a 

Temperature, deg. C 


as given by proportionality between string 
deflections and emf 


200 400 600 800 


For quenching temperature of 9Z0°C 


For quenching temperature of 875°C 
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thermocouple is taken into account 


For quenching temperature of 810°C 


Fig. 2--Corrections to be applied when Using Various 
Quenching Temperatures to the Proportionality between String 
Deflections and emf. as a Result of Resistance Changes in the 
Thermocouple Circuit During Quenching. 

Note that the Maximum Error Introduced by Neglect of 
these Changes is about 0.03 mv or 3 Degrees Cent. with the 
Platinum Thermocouples Used Values were Calculated from 
Data given in Fig. 1 and the Resistance of the “String” 
which was Equal. to 105.4 ohms 


carriage (C), which likewise carried an icebox for constant coli 
junction temperatures of the thermocouple, was inserted into the 
heating unit (H). After the desired center temperature was reached 
and time allowed for equalization the sample was dropped by means 
of the lowering cord (LL) into the quenching solution (Q). 
Control of coolant circulation was had by mounting the quench 
ing tank on a disk (D), which could be rotated at constant speed by 
motor (M) and by placing these upon a movable platform (1). Dit- 
ferent rates.of motion were obtained by varying the distance of the 
sample from the axis of rotation of the cylindrical quenching tank, 
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6.66 mv (920°C) calibration 





} 
0,0 mv (0°C) calibration Start of quench 
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Fig. 3--Photographic Records and a_ Re-plotted Time-temperature 

ling Curve Obtained with the “String Galvanometer.” 

The Wide Band Projected on the Film is the Result of High 
Magnification of the “String’’ image; only the Upper Edge of this 
s Used in Calibration and Measurement of Temperatures. The Lowest 
Curve “C” has been Re-plotted to the Same Time Scale but an Ex 
panded “Temperature Ordinate in Accordance with the Method Used 
n a Majority of the Experiments. The Results shown were Obtained 
it the Center of %-inch ‘Diameter Cylinders Prepared from Steels 
ontaining 0.20 to 0.25 Per Cent Carbon. “B’’ and “C’’ were Quenched 
om 920 Degrees Cent.; into a Motionless 5 Per Cent Sodium 
tlydroxide Solution at 21 Degrees Cent.; “A’’ was Quenched from 


0 Degrees Cent. into the same Solution Flowing at 1 foot per 
second 


































Reproduction of Photographic Records are % to % Original 
and do not: Show the Heat Effects as Clearly as do the Original 


Records. 
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Fig. 4—Quenching Equipment Used for Small 
Steel Samples. 


by varying the rate of rotation of the tank, or both. In the case of 
“still quenching” the tank was not moved. 

The start of the quenching was considered to be the time at 
which the specimen was half immersed in the quenching bath arid a 
record of this was made on the film by allowing carriage (C) to 
break the circuit (E) of an electromagnet, thus releasing an arm so 
placed: that in falling it momentarily cut out the beam of light used 
to project the string image into the camera. (Refer to Fig. 3.) A 
photograph of the completely assembled apparatus is reproduced in 
Fig. 5. 

The quenching of large specimens was done in a similar mat- 
ner but without the special quenching device shown in Fig. 4. The 
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Showing Assembled Equipment 


ELS 


Used in the Tests. F Fut 


Specimens; QO fath for Quenching Small Specimens; S 


for Rotating the Quenching 


Recording Results; G String Galvanome 


] 


fank or Stirring Coolant; C 
cer. 


samples. were mounted on rods or tubes for easy handling, immersed 


v hand or crane in the coolant and the rotary coolant circulation in 


Table | 


the small tank of Fig. 4 simulated by movement of the specimen in 
the bath, 


Steels From Which the Specimens Were Prepared for Determination 


men Sizes 


" spheres! 

ee ee 
spheres! 
eres and above 


vlinders 
sphe res 
res and above 


es 


lual specimens 
s above 


of the Cooling Curves 
Chemical C 

Mn 
Surface Temperature 


1.15 0.20/0.50 
.28 
80 0.90 20 


Center Temperatures 


33 


7 0.20/0.50 


were analyzed and the. results 


omposition, per cent 


P 
0.035 
016 
0.014 
0.035 0.035 


were within the limits given in 


Soeeaepacapnaeanats 
PP at. 
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Table Il 
Some Properties of the Principal Coolants Studied 


Boiling Point Determinations 
Final 
Specific Fire Initial Boiling Parts 1 
Gravity Flash Point Boiling Point Final Vapor Millio 
at 15 Point Dew Point Dew Temperature of 
Quenching Medium Deg. Cent. Deg. Cent Cent Dew. Cent Cent Deg. Cent Solids 
A Aqueous solutions 
Washington, D. ¢ 
city water 
Concentrated sul 
phuric acid! 1.840 
10 sulphuric acid 
(by vol) 1.069 
0 sulphuric acid 
(by vol) 1.143 
10% sodium chloride 
(brine) (by 
wet.*) 1.073 
9% sodium hydrox 
ide (by wet.)* 1.058 
11.5% sodium hydrox 
ide (by wet.)* 1.130 
16.5% sodium hydrox 
ide (by wet.)* 1.186 
RK Oils 
Prepared No. 1 0.862 82 07 380 
Cotton seed 0.915 } tO2 102 
Sperm 0.882 310 90) 
Neatsfoot O.Y1Y9 48 i326 400 
Prepared No, - O.874 190 212 375 
Machine 0.909 207 243 895 
‘95% HygSO, 
Prepared with c. p.-concentrated (95%) sulphuric acid listed above 
‘Prepared with crude commercia! sodium chloride 
‘Prepared with c. p. sodium hydroxide sticks 
This is the equilibrium boiling temperature of the liquid as determined in a reflex 
flask under atmospheric pressure 


b.. The Steel Specimens 


It would have been desirable to have made all of the test speci 
mens from one melt of steel except in those cases where differences 
in steel composition were being studied but it was not practicable to 


do so since the tests were extended gradually: over a period of years 


and the requirements could not be forecast accurately in the prelim 


inary stages of the investigation. However, it will become evident 
later that the differences existing in the composition of the different 
specimens, as outlined. in Table I, did not appreciably alter the cool 
ing curves except for. the heat effects of transformations which were 
eliminated in most of the comparisons and therefore do not invali- 


date the conclusions drawn. 
c: The Coolants 


A variety of coolants were used in the experiments but the 
majority of the work was done with water, dilute sodium hydroxide 
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ions, dilute sodium chloride brines, two proprietary. quenching 
ind air. “Table IT contains a summary of some of the physical 
erties of the different coolants and will help to define the liquids 
emploved. 

Washington city tap water was used in the. water quenching 

sand in the preparation of the sodium chloride brines and sodium 

roxide solutions. The two latter solutions were made respectively, 

ordinary table salt and technical sodium hydroxide containing 

ut 96 per cent NaOH, 2 per. cent Na,CO,, 2 per cent NaCl and 

cent of moisture. ‘The stated concentrations of these and other 

ueous solutions are weight percentages and the quenching was done 
freshly prepared mixtures, 

Oil No. 2 which was used in a majority of the oil quenching 
experiments was a proprietary product, the exact composition of 
which is not known. Analysis indicated that it was probably a mix4 
ture of a naphthene base (mineral) oil and about 3.3 per cent fatty 





Oil No. 1 was another proprietary quenching oil and its selection 

a few experiments was due to its reported ability to produce 
elatively rapid cooling at high temperatures. It consisted of a mix- 
ure of a small amount of a heavy Pennsylvania residuum oil of high 
flash point with a special distilled Pennsylvania stock of low flash 


point, the mixture having the properties given in Table IT. 


d.- Determination of Center Cooling. Curves 









In determining the center cooling: curves platinum, platinum- 
rhodium thermocouples were inserted in the specimens in the manner 
shown in detail in Fig. 6. This mounting and the procedure already 
escribed for quenching the samples gave consistent results provid- 


lig certain precautions were observed, The most important of these 





were the following: | 








(1) The test samples were preferably all finish machined or 
ground by one method so as not to change-appreciably the 
character of the surfaces in contact with the coolant. 

<-) The smallest practicable thermocouple ‘bead’ was used 
and at the same time the largest possible surface contact 
maintained between it and the sample. Accordingly, after 







welding the thermocouple wires, the “bead” was cut in 
half so as to have a flat surface in contact with the speci- 


(3) 
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men instead of point contact, such as would be given by a 
spherical tip. 
A clean ‘metal surface was in contact with the thermpo- 


couple. If, as was ordinarily the case, a cutting fluid was 


To thermocouple 
cold-junction 


| 


 Stecl Tube 


21.0 


Two-hole 
porcelain 
insulators 
of different 
sizes 
Nickel or nickel 
alloy holder 


5.A.E. Sta 
24 threads per in 


“tt Single hole 
porcelain 


Thermocouple insulation 


hot junction 


Specimen 


~5~ 
Fig. 6—Method of Mount 
ing Thermocouple. in Speci 


men for Obtaining Cente 
Cooling Curves. 


used in drilling the hole to the center of the specimen, all 
oil, small particles of metal or other foreign substances 
were flushed out with gasolene or other suitable cleansers 
The thermocouple was so.mounted that a fairly uniform 
and good contact pressure was maintained with the spect- 
men during heating and cooling. Various methods were 
tried with the result that the arrangement shown in Fig 


6, sometimes with an added setscrew not shown 10 the 
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diagram, was selected. In this arrangement good contact 
pressure depended largely upon the proper proportions be- 
tween the insulation and container tubes. and careful in- 
sertion of the thermocouple into the specimen; while not 
an ideal arrangement, it was found to be satisfactory. 

5) None of the quenching solution can be permitted to come 
in contact with the thermocouple during quenching. Thus 
the joints between the specimen and tubes through which 
the thermocouple passes (Fig. 6) must be leak-proof and 
so constructed that they remain intact during heating and 
rapid cooling. 

6) An accurate calibration of the thermocouple was essential. 
The heated ends of the platinum, platinum-rhodium wires 
became contaminated quite rapidly under the described 
conditions of test, so. that it was the practice to cut off 
approximately half an inch of both wires after each ex- 
periment and then re-weld. 

In addition to the above it-was necessary to have firm contacts 
in the galvanometer circuit and, all leads were lead covered to avoid 
outside interferences. 


Calibration of the assembled equipment was made before each 
test and was carried out substantially as follows: When the desired 
center temperature had been reached in the specimen as indicated by 

potentiometer-indicator, the thermocouple was connected to the 
“string” and records of its deflection and ‘zero position’”” made on 
the recording film or paper (Refer to Fig. 3). The specimen was 
then quenched and subsequently another record made of the “zero” 
position of the string to avoid errors from possible movement in the 
camera equipment. | 

With this procedure the string positions were known at the 
chosen maximum temperature of heating and at 0 degrees Cent. (32 
legrees Fahr.), and these gave a temperature calibration for the ap- 
paratus since string deflections were substantially proportional to 
electromotive force. 

Calibration of the time marker was likewise checked before and 
after each experiment by actual measurement of the speed of the 
lriving rolls for the recording film in the camera. 






e. Determination of Surface Cooling Curves 


‘he problem of securing consistent and reproducible cooling 
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curves at the center of steel bodies during: quenching is not Simpl 
and tor this reason it appeared to be advisable to make a statistic! 
study of numerous experiments with specimens of different. sizes 
and shapes, as will be reported later. ‘The difficulties increased ap 
preciably when attempting to study the surface cooling. ; 

The transfer of heat from the metal to the coolant takes plac 
at the surfaces of the solid body. Therefore, the observed. surface 
cooling is directly affected by. momentary and localized changes jy 
conditions. These variations may be ‘smoothed out’ or masked be 
fore they are transmitted. to the center. 

A second difficulty arises from the rapid rates of temperature 
change which, in certain portions of the cooling range, may reach 
or exceed several thousand degrees Centigrade per second in pieces 
4+ inches or more in diameter. Such rates of temperature change ar 
not difficult to record with fair accuracy but a localized change i: 
conditions, which endures for only a fraction of a second, may chang 
the form, and shift the greater part, of the cooling curve and so giv 
different results for supposedly similar. quenching conditions. Hence, 
the selection of a method of test is, in itself, an important problem 

As has already been stated few methods of measurement can |\ 
adapted readily to the study of the rapid temperature changes en 
countered in the quenching of steels. Those most easily applied 
include the use of thermocouples for measuring temperatures. Both 
the method of attachment to the surface and the location om the test 
specimen may be conceived to exert a pronounced influence upon th 
cooling curves obtained and perhaps, also, materially affect the man 


ner of cooling in the area where measurements are made. 


Method of attaching the. thermocouple to the specimen 


There is no method which can be readily applied which can be 
said to give more than an approximate determination of surface tem- 
peratures during the quenching of steels. The attachment of ther- 
mocouples to the surface of the test specimen by any practicable 
method, disturbs the continuity of the surface or the underlying metal 
and modifies to some degree at least the conditions which can be con 
ceived to exist in an undisturbed surface. There is, therefore, no 
base-line of comparison and it becomes necessary to compare the di! 
ferent: methods of attachment of the thermocouple amongst them 


selves. Such comparisons will not necessarily prove that one method 
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a closer approximation to true conditions than another but 
‘hould-indicate which are the most promising methods. 

(he several methods used for attaching the thermocouple to 
the specimen in the preliminary tests may be grouped under two main 


vs, namely, (1) passage through the body of the test speci- 


Svrtace of specimen 


peration ' 2 3 
Bead formed Bead flattened Welded to specimen 











Fig. 7—Sketch Showing Method of Attachment 
of Thermocouple to Specinren- Method No, 1 













Packing : 
| . Flattened beads 
attened wires | surtace of 
: . aedian Surtace ot / 
a Wik COREA specimen oP an 
< SAR = F 


7, 


Thermocovple wires 















Fig. &—Sketch Showing Method of Attachment of Thermocouple to 
specimen —Method. No. Il. Fig. 9——Sketch Showing -Method of ‘Attach 
ment of Thermocouple to Specimen—Method No. III. 















nen to the surface, and (2) attachment, directly to the surface from 







utside the specimen. In all cases, the chromel-alumel thermocouple 
vas attached to the surface by welding. 
\Vlethod: No. J. In method No. 1, the thermocouple was first 


ade by forming a bead on the ends of chromel-alumel wires, and 







the bead was then flattened. The wires were passed through a hole 
in the specimen and the bead welded to the steel surface over the 
hole, as is illustrated in Fig. 7. 








Vethod No. 2. In this method the thermocouple wires were 
lattened on the ends, passed through a hole in the test specimen, 
aid flat on the surface, as is shown in Fig. 8, and welded individually 
to the steel. The hole was then packed with asbestos wool or other 
insulating material. 


tr 










cthod No, 3. In this method beads were formed separately 
+} . . rr . 
the ends of each thermocouple wire. The wires were: passed 


roel 


individual holes in the specimen, and the beads, previously 
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flattened, were welded over the holes to the steel surface, as is showy 
in Fig, 9. 


Method No. 4. Inthe method illustrated in Fig. 10; the thermp.- 


couple wires. were laid individually on the surface, from outside th 
test specimen, and welded to the steel. 


e 


Method No. 5. A bead was first formed on each of the ther 


. 
nhermocouple wires 
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Thermocouple wires 
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aia surtace of 
oe Specimen Surtace ot 
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metal filed off 


alter welding 


Fig. 10—Sketch Showing Method of Attachment of Thermocouple to Specime: 
Method No. IV: Fig. 11—Sketch Showing Method of Attachment of Thermocoupk 
Specimen——Method No. V. 
mocouple wires, flattened on the end and welded to the surface oi 
the steel specimen. ‘The éxcess metal was filed off subsequent 
welding as is illustrated in Fig. 11. 

The procedure used in welding thermocouples to the surface was 
as follows: A bead was made on the end of each wire by melting in 
an oxy-gas flame, using borax as a flux.. These beads were filed 
flat on the ends and the wires were cleaned a short distance from th 
beads. Each one was then clamped. between two copper blocks, one 
of which was connected to the secondary of a stepdown transforme: 
(the other terminal of the secondary was. connected to the vise 1 
which the specimen was held). The end of the bead was held firm) 
against a freshly filed spot on the specimen while the current was 
made in the primary for a short time by means of a key. The volt- 
age applied to the primary of the transformer was regulated to sult 
the size of wires being welded, higher: voltage being’ required fo! 
larger wires. The best results were had without the use of any {lt 

Methods 2, 3, 4 and 5 are alike in one respect. The area of the 
steel surface over which temperature measurements are to be mac 
is not in contact with the coolant but is covered by ‘a layer of the 
thermocouple materials. Even if this layer is thin, the temperatur 
of the surface of the steel will presumably lag behind the tempera 
tures of a surface in direct contact with the coolant. 

One of the main objects of passing the thermocouple throug! 








om the 
ks, ole 
forme! 
vise 1! 
| firmly 
‘nt Was 
he volt- 
to sult 
red for 
ny {lux 
1 of the 
ye -macde 
- of the 
peratur 


empera 


throug! 










QUENCHING OF STEELS 661 + 


és to the surface was ‘to eliminate projections and approach the 
tour of an undisturbed surface. However, methods 1, 2, and 
re open to the objection that the spot over which the temperature 
ieasured is not backed up by metal as is the surface of a specimen 
iout holes. This should be most important with method 1, in 
ich the thermal junction between the.chromel and alumel wires is 


reetly over the hole. Furthermore, there is no ready means of de 
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lig 12—-Surface Cooling Curves Obtained with Methods | 


and Il in Water Quenching l-Inch Spheres Quenched Into 
Water at 20 Degrees Cent. (65 Degrees Fahr.), Moving at 3 
Feet Per Second Each Curve, Except Test ‘No 1783, is the 
















Average oft Two or More Tests. 





termining whether this thermal junction is near or well below the 
steel surface. 

In method 2 the hole is not sealed by metal and there was gen- 
erally leakage of the coolant into the packing. 

Methods 4+ and 5 have the disadvantage that they introduce pro- 
jections from the surface of the specimen. These will tend to entrap 
gas and may retard the cooling. Likewise, the thermocouple leads 


ire in contact with the coolant. Difficulties may arise from this in 











two ways, by conduction through the coolarit and by the development 
an electromotive force between the leads. Electrical conduction 
iid tend to increase the observed speeds of cooling and counter- 
any retardation associated with entrapped gas. However, such 
reases would probably be small-due to the small size of the ther- 


ouple wires used. The effects of any electromotive force de- 
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TEMPERATURE °C 


TIME~SECONDS 


Fig. 13--Surface Cooling Curves Observed with Method IIT in 
Water Quenching l-Inch Spheres Quenched Into Water at 20 
Degrees Cent. (65 Degrees Fahr.), Moving at 3 Feet Per Second 
The Curves Without Test Numbers Are Averages of “Two or 
More ests 
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Fig. 14—-Surface Cooling Curves Observed with Methods I\ 
and -V in Water Quenching. l-Inch: Spheres Quenched Into 
Water at 20 Degrees Cent. (65.Degrees Fahr.), Moving at 3 Feet 
Per Second. The. Curves Without Test Numbers Are Averages 
of Two or More Tests. 
veloped can probably also be’ neglected in the experiments under 
discussion as is shown by the following experiment. A specimen 
was prepared in the usual manner except that the thermocouple leads 
extended several inches below the sphere so that they protruded trom 
the furnace. When these leads were immersed in 5 per cent sodium 
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xide, the electromotive force indicated by a potentiometer was 
(fected appreciably. This gave much longer lengths of leads 
ntact with the coolant than obtained in the quenching experi- 
-and would have increased such effects if they existed. 

igs. 12, 13 and 14 show surface cooling curves for 1-inch 


es quenched into water at 20 from 875 degrees Cent. (65 from 
7 

















300 400 
TIME~SECONDS 








Fig. 15—Surface Cooling Curves Obtained in Still Air With 
Methods .II, IV and V. Each Curve is the Average of Two 


lests 


1005 degrees Fahr,}) when using each of the five methods for attach- 

the thermocouple to. the specimen. The most consistent results 
vere obtained in repeated experiments with method 5, Fair consist- 
ency is shown in Fig. 12 for method 1, but much wider variations 
were encountered with this method in experiments with larger 
spheres. Method 4 gave fairly consistent results, the greatest varia- 
tions being observed at the low temperatures. [Erratic results were 
htained with method 3. 

Method 5 which gave the most consistent results is the one in 
which it.should be least troublesome to reproduce the construction 

the thermocouple mounting. The area of contact is the cross- 
sectional area of the wire and can be made very nearly the same 
each time. Tf the weld does not extend over the entire contact sur- 
lace breakage usually results, if not while filling away excess metal, 
pon quenching, 
\s has been mentioned previously these five methods of meas- 


temperatures during quenching should all give a lag which 
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TEMPE RATURE— DEG.C 


TIME IN SECONDS 


Fig 1o-—-Surface Cooling Curves. Obtained With Thermo 
couples of Different Sizes When Quenching Into Water. Ihe 
Chermocouple Was Attached to the Specimen by Method \ 
Each Curve is the Average of Two or Three Tests on a 1-Inch 
Sphere Quenched Into Water at 20 Degrees Cent. (65 Degrees 
Fahr.), Moving at. 3 Feet Per Second. 
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TIME — SECONDS 
hig. 17--Surtace: Cooling Curves Obtained with Thermocouples 
of Different Sizes When Cooling in Still Air The Thermocouple 
was Attached to the Specimen by Method IV. Each Curve is the 
Average of Two Tests. 
should be at a maximum during the early part of the quench wher 
the temperature gradients are largest. It seems reasonable to as 
sume that this lag is least in cases where the initial drop in indicated 
temperature is most abrupt. One of the curves taken by method 9 
‘ P at 
shows a somewhat more rapid temperature drop than any of th 


“ . mania amitia 
others. However, method 5 consistently gave the most rapid muita 
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in temperature of any of the methods, but when comparisons 
e made between the .most rapid cooling curves obtained by each 
hod the results were found to be nearly the same. 

The differences encountered with ditferent methods of attach- 


the thermocouple to the test specimen are reduced with slower 


TO DESIGNATED TEMPERATURES 








TIME IN SECONDS TO COOL FROM 675°C 
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zz \4 GAGE 


DIAMETER OF THERMOCOUPLE WIRE-INCHES 
Fig. 18-—Effect of Thermocouple Size on the Observed Time 
f Cooling from 875 Degrees Cent. (1605 Degrees Fahr.) to the 
Designated Temperatures When Quenching Into Water. 1-Inch 
Sphere Quenched Into Water at 20 Degrees Cent: (65 Degrees 


fabr.), Moving at 3 Feet Per Second. Based on Data Given in 


Mis lo 


cooling rates, as in air. Methods 4 and 5 gave practically the same 
air cooling curves. The cooling observed with method 2 was slow in 


r, just as it was relatively slow in water (Fig. 15). 


Based on these experiments it seemed logical to select method 
> tor rapid coolants since the lag introduced by this method of at- 
taching the thermocouple to the surface was as small as with any of 


1 
} 


the other methods. Furthermore, it was easiest to reproduce the 
construction of the thermocouple in this method. With slow cool- 
ing, as in air, methods 4 or 5 may be used since they gave practically 
the ‘same cooling curves. 

Size of. thermocouple 


icated a ° ° ° ° - e 
di Che experiments described indicate that the method of attaching 


thod 3 


, thermocouple to the surface may affect the observed cooling ap- 
ot the os ; 7 : a 
ie clably. It is probable that the observations are also affected by 


size of thermocouple wire. 
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Cooling curves taken in water with method 5 using 14, 22 anq 
32 B. and S. gage thermocouples are shown in Fig. 16. Air cooling 
curves obtained by method 4 using 22 and 32 gage thermocouples 
are shown in Fig. 17. 

The effect of thermocouple size upon the recorded times for the 


surface of a sphere to reach different temperatures when quenched 
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Fig. 19—-Comparison of Cooling Curves for a 22 Gage Thermo 
couple and for the Surface of a %4-Inch Sphere Both Quenched 
Into Water at. 20 Degrees Cent. (65 Degrees -Fahr.), Moving at 
3 Feet Per Second Note That These Curves Are Plotted tocan 
Expanded Time Scale. 
























from 875 degrees Cent.. (1605 degrees Fahr.) into water is shown 
in Fig. 18. These times decrease generally with decrease in size 
of the thermocouple and within the limits of the experiments (size 
of thermocouple and errors), appear to be a linear function of the 
diameter of the thermocouple wire. 

It will also be observed from Fig. 18 that the decrease in cool- 
ing time with decrease in size of thermocouple is greater for the 
large cooling ranges 875 to 200 or 300 degrees Cent. (1605 to 390 or 
570 degrees Fahr.) than for-the small cooling intervals. 875 to 600 
or 700 degrees Cent. (1605 to 1110 or 1290 degrees Fahr.) 

Fig. 18 suggests the. possibility. of extrapolating the results to 
wires of zero diameter but this is hardly justified without extend- 
ing observations to wires of much.smaller diameter than 32 B and 
S gage. While decrease in thermocouple size should give a closer 
approximation to surface temperatures, practical difficulties were en- 


countered in handling 32-gage thermocouples, and it was considered 
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the use of a 22-gage wire would meet the requirements of the 
in view. In considering this selection, it should be kept in 
d°that there are many variables associated with the quenching 
cess which are difficult to control and which may produce differ- 
ences much larger than those resulting from a change in thermo- 
couple size. This: will become evident in subsequent discussions. 
Comparison of Figs. 16 and 17 shows that the thermocouple 
sive is less important in air -cooling than in rapid cooling in water. 
erefore, it 1s probable that the variations encountered in water 
uenching a l-inch sphere (shown in Fig. 16) are larger than those 


which would: be observed in water quenching larger spheres. 


Response of galvanometer equipment 


Che rates of temperature change observed in the foregoing ex- 
periments were very high in portions of the cooling range. The 
question arises whether these rapid changes are so close to the limits 
af response of the thermocouple and string galvanometer equipment 
as to affect the observed results. A 22-gage chromel-alumel thermo- 
couple (without a steel specimen) was quenched in water at 20 de 
vrees Cent. (05 degrees Fahr.), to throw light on this question. The 
couple was made by welding the ends of the two wires together and 
tiling away excess metal at the junction until the bead was reduced 
approximately to the diameter of one wire. 

tig. 19 shows that the cooling observed on the thermocouple 
alone was much faster than that observed on any specimen. Thus, 
the equipment is capable of recording higher rates of temperature 
change than those encountered with any of the spheres tested. The 
recorded cooling of the thermocouple is quite different from that of 
i similar couple attached to the surface of a steel sphere. Therefore, 


} 
the 


the results for the spheres cannot properly be considered to repre- 
sent merely the cooling of a thermocouple suspended from a metal 
sample. They approach the cooling at the surface of the steel 
specimens, | 
The response of the galvanometer is another factor which im- 
poses a limit on the cooling rates which can be determined. In 
the case of the.described equipment, this limit is well above the rates 
temperature change ‘which must be ‘measured. As the gal- 
vVanometer was used, it had a period of about 0.01 seconds, short 
circuited, and it was not critically damped. It was therefore, un- 
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Water quenched 


quenched 


Fig. 20-—Time-temperature Cooling Curves at the Center of 
Ball Race Steel Spheres of Different Sizes Quenched from 
875 Degrees Cent. into Either Motionless Water or No. 2 Oil 
at 20 Degrees Cent 
necessary to attempt any correction for lag in the galvanometer as 
such corrections would have been beyond the accuracy of the ob 


servations. 


General Characteristics of the Cooling Curves. At the Cerite 
of Spheres 
Fig. 20 shows typical time-temperature cooling curves obtained 


at the center of steel spheres of. different sizes, as replotted from 


the photographic records of time-deflection changes in the string 


galvanometer. The curves are all smooth and indicate that once 
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lig 1 Cooling Velocity-temperature 
Center of Ball Race Steel Spheres 
trom & 


Curves ‘Taken at thé 
of Ditferent Sizes Quenched 
Degrees Cent. Into Either Motionless Water or No 
Oil at 20 Degrees Cent 

Ihe Transformations in the 2% 
Spheres -OQuenched in Oil Have 
the Smooth Curves 


s and 2% Inch Diameter 
Been Disregarded in - Plotting 


S00 








Cooling velocity ~deg.C per second 


Fig. 22 Cooling .Velocity-temperatur« 
Curves Taken at the Center of 0.89 Per 
Cent C Steel Rounds of Different Sizes 
Cooled from 875 Degrees Cent. in Still 
Air at 22 Degrees Cent. 
Dotted Lines Indicate an Extrapolation 
rained in Which the Heat Effects of the Trans 
formations are Neglected. 
trom 


string 


begins. at the center it proceeds uninterruptedly except for 
it effects of ‘transformations in the steel. When these oc- 


once 
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Fig 2 Surface Cooling Curves of Spheres of Different 
Diameters Quenched from 875 Degrees Cent. (160 Degrees 
Fahr.) Into 5 Per Cent Sodmiun Hydroxide at 19 to 22 Deg 
Cent. (65 to 70 Degrees Faii..). Coolant Motion Approximate! 
} Feet Per Second Test Numbers Are Given in the Body 
the Chart 
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Fig. 24—Surface Cooling Curves of Spheres of Different 
Diameters Quenched from 875 Degrees Cent. (1605 | Degrees 
Fahr.) Into Water at 20 Degrees Cent. (65 Degrees Fah 
Coolant Motion Approximately 3 Feet Per Second. Test Num 
bers Are Given in the Body of the Chart: 


curred at low temperatures, in the neighborhood of 300 degrees 
Cent. (560 degrees Fahr.) the heat effects were largely suppress 
and did not cause marked changes iu the general trends of the curves 
they will be observed readily when large, as in the oil-quench 


spheres 23¢ and 234 inches in diameter, but in such cases th 
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lormations were eliminated in the comparisons of the cool- 

es in the manner shown by the dotted lines in Fig. 20. 
salient features of the center cooling curves are somewhat 

early shown by the changes in cooling velocity with tempera- 


hich are summarized in Figs. 21 and 22. The general 
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Fig. 27—-Photographic Records of Surface Cooling of a 2%-Inch Sphere 
from 875 Degrees Cent. (1605 Degrees Fahr.) Into Water at 20 Degrees Cent 
Fahr.), Moving at 3 Feet Per Second. Test 2056 Represents the First Que: 
2057. Represents the Quench After Reheating the Same Sample and Thermos 
character of these curves was unaffected by the diameter of 
sphere but the rates of cooling decreased generally with 
in the size of the specimen. 

The temperatures at which the maximum cooling velocity was 


obtained were lower when quenching in water or oil than in air and 


did not vary noticeably with the diameter of sphere. The most rapid 


cooling occurred at about 80-85 per cent of the quenching temper- 
ature in water and oil and very close.to the initial temperature (9% 
per cent) in air. 


At the surface of spheres 


Representative. cooling curves taken at the surface of spheres 
of different sizes quenched in different media are shown in Figs 
23 to 26 inclusive. The individual curves for each size are plotted 
together to give some idea of the consistency of the results. 

In general, repetition of the experiments gave cooling curves 
which were similar for the first and last portions of the cooling 
range. At. intermediate temperatures, around 300 to 500 degrees 


Cent. (570 to 930 degrees Fahr.), rather wide differences were some 
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served. The magnitude of these variations and the intervals 
time and temperature over which they occurred increased 
e diameter of. the spheres. The curves also lost their smooth- 
this range and showed many small fluctuations as is illustrated 


27. These fluctuations indicate an unstable condition at the 


which the thermocouple leads were attached to the test 


replotting the cooling curves no effort was made to reproduce 
small irregularities which were observed: in the photographic 
(Fig. 27) since the method of recording temperatures has 
ons, already discussed, which would tend to smooth out such 
uctuations in temperature. It is probable that the temperature 
point on the surface fluctuates over wider ranges than those 


in Fig. 27,. particularly at intermediate portions of the cooling 


hese effects indicate that different. points on the surface be 
different ways at least until the average temperature of the 


surface approaches the boiling point of the coolant. The fact 


the curves for any one size of sphere became nearly the same 


temperature approached the boiling point of the coolant indi- 


that the fluctuations and unusually high temperatures at given 
reflect localized conditions. They do not necessarily indicate 
happens to the surface as a whole. 
quenching large specimens in water, spots were. observed 
main at “‘red heat’ for several seconds after the steel was in- 
iced into the coolant. This further substantiates the view that 
re even more radical variations from average temperatures 
re shown by any of the records obtained. 
Since these small fluctuations were observed only throughout a 
of the cooling range and in some cases were almost wholly 
t, they cannot justly be ascribed to electrical effects due to the 
t the coolant on the-thermocouple leads. Furthermore, the 
tions were less marked, and when present, were usually re- 
to smaller temperature ranges, when: quenching in caustic 
ith good electrical conductivity and in oil with poor conduc- 
han when quenching in water. 
e conclusion to be drawn from the described effects is that 
ing at the surface of steel bodies immersed in liquids moving 


elocities, as in the experiments, is seldom uniform from point 
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lo port. l’vidence. has also been obtained that the cooling at 
particular point is not continuous but is the resultant of a larg, 
number of rapid temperature. fluctuations throughout .a part of th 
cooling range. These fluctuations were more marked when quench 
Ing im water and 5 per cent sodium hydroxide than when quench 
in oil, 

There is.a possibility that the heat of transformations of th 
steel may contribute to these periods of instability but it is probabl 
that. they are largely associated with the gases which alternately be 
come attached to and are wiped trom the metal surfaces during coo! 
ing. In aqueous solutions, these gases may include steam formed at 
the surfaces of the hot metal, air, carbon dioxide, or other vase 
released from solution. Gases formed by decomposition of th: 
coolant must also be considered in both aqueous solutions and oils 

It is generally believed that gases adhering to heated metal su 
faces act as an insulator. In water quenching, a layer of steam plus 
gases released from solution can be conceived, to form momentarily 
around the specimen soon after it is.introduced into the bath. Until 
these gases are “wiped away” by the flow of the water, the cooling 
can be retarded. Kemoval of the jacket of gases would tend to in 
crease the speed of cooling until more gases became attached to th 
surface to again reduce the rate of heat loss. 

Under the customary conditions of quenching it 1s not unreason 
able to assume that this cycle of steam formation and removal would 
occur at very rapid rates and produce the temperature fluctuations 
illustrated-in Fig. 27. 

Krom the viewpoint of practical heat treatment, these effects 
show the necessity of selecting coolants which give average coolins 
rates well above the critical cooling rates of the steel to be hardened 
This really represents a safety factor with respect to uniformity 
hardening, and may be achieved in at least two ways. ‘The first 1s to 
vary the coolant composition, and the second is to provide adequate 
circulation and volume of the coolant. More detailed discussion 


both of these subjects will be given later. 









Chapter II 



















cS OF .SIZE AND SHAPE OF SAMPLE ON. THEI 
COOLING IN DIFFERENT MIEDIA 


















possible to gain a general idea ot the effects of size and shape 
ooling of steels from the theory of heat conduction first pet 
ind applied by Fourier,® but while some results are obtained 


ppear to be consistent with actual experience or tests they can 


msidered quantitative, they necessitate elaborate and tedious 


ions, and require various assumptions which introduce an 

















































aj of doubt upon the validity of many of the conclusions which 
| sa 
mparisons by Heimdlthoter? of a mathematical study of the 
th ture changes in a hot body upon-quenching and experimental 
- curves of metal cylinders quenched in water developed a 
| of discrepancies with the several theories -on rapid cooling. 
- cipal feature of interest in connection with the experiments 
a deseribed is that the cooling time was found to be proportional 
quare of the diameter of the cylinder when quenched in the 
lin eoretically most rapid coolant in which the surface of the metal 
2 uned to cool instantaneously to the final temperature. 
- \ theoretical study of the cooling of hot bodies in gases and 
Was more recently reported by Seeliger,” who reviewed 
available theories and emphasized the fact that they do. not 
vu ermit an exact solution but make possible useful deductions. 
aa <perimental cooling curves -of large sections have been ob 
by a number of investigators.. I*ry® studied large solid and 
- red axles. quenched in heavy and light oils, water, air and 
™ iter mixtures, but due to differences in quenching temperature 
- introduction of other variables into the several experiments 
; conclusions can be drawn. lLaw'” investigated. the cooling 
Hate ch text is “An introduction to the mathematical theory of. heat conde 


R. Ingersoll and ©. J. Zobel, (1913) Ginn & Co., New York, which include 
r irticle 








llhofer, “Quenching A mathematical tudy of variou iypotheses on rapid 


| Review, Vol. 20, pp. 221-242; 1922 















“Die Abkithlung heisser Kérper in Gasen und Flussigkeiten,” Physt/ 
82. 199 








I “Note on some quenching experiment Journal Iron and Steel 
l h 









Ke tfect i ma on heat treatment, fournal Iron ina steel Institute 
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at the center of 18-inch cubes quenched in a water spray, a 


bath, an oi and air, and likewise determined the resulting { 


' "14 
YTrachent 


properties from center to surface. The tensile strength 
were greatest trom the water bath quenching, but a = maximy 


difference of only 1,000 Ibs./in.* was found at the center in the cul 


Ltt 


quenched in the various media (excepting air), thus indicating thay 
the thermal properties of the steel have more to do with the cente 
cooling in such large masses than the coolant used. 

Bash" reported heating and air-cooling curves taken at differe 


points in a 24-inch ingot, while Knight and-Hansen'* studied t} 


cooling at a point 2 inches from the edge of an 8-inch round, 14-foot 


long, when quenched in cottonseed oil, 

Janitzky'® made an experimental study of “mass effects’’ in heat 
treatment and developed equations giving the relation between th 
hardness produced in various sizes and shapes of carbon and alloy 
steels when tempered at different temperatures subsequent to harder 
ing. He also derived usetul relations by which ‘it is possible to ay 


proximate the time required to reach any temperature in air-co 


ing rounds of various dimensions from different temperatures, 


\ feature of particular interest is that the surface per unit o! 


volume, which in plates, rounds, and spheres 1s in the ratio of 1, 2, 3 


when the ends and edges are neglected, is definitely related to tl 
properties produced by quenching. 

The effects of sizé on the tensile properties of quenched 
quenched and tempered steels were studied by Zimmnierschied"' at 
by Straub.'® While much useful information. was obtained by bot 
investigators, their results do not come within the field to be cover 


in this paper and will not be reviewed in detail. 


Bash, ‘“‘Forging temperature and rate of heating and cooling of larg 
American Institute of Mining Engrs. ““Pyrometry”’’ volume, p. 6 


Knight and F. F. Hansen, “Heating, quenching, and drawing 
emical and Metall cal Engineering, Vol. 20, p. 590; 191 
Janitzky, ‘“‘Hardness formulas,”’ /ron Trade Review, Vol. 69, p. 107! 
mass in heat treatment,’ Chemical and Metallurgical Tingineeru 
‘*‘Mass in the heat treatment of steel,”” /ron Age, Vol. 109, p 
) “Influence of size on heat treating,”’ American Machinist, V« 
1919, “A contribution to the problem of the influence of mass in heat treatment 
AcTIONS,. American Society for Steel Treating, Vol. 2, p. 55; 1921. ‘“‘New de 
the influence of mass in heat treatment,’’ TRANSACTIONS, American Soci 
lreating, Vol. 2, p. 377; 1922 “Characteristics of air-cooling curves,” Tr 
American Society tor Steel Treating, Vol 3, p. 335; 1922. 
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K. W Zimimerschied, “‘Influence of mass in heat treatment ot. ste 
Vol is, 2 84: 1913 


Straub, “Relative size in heat treatment,’ Jron Age, 
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e of the most interesting points in published data was given 
who showed that the cooling velocity at the center 
In water by 


of ZOO degrees 


ance, 
) . 
Portevin 


ih carbon stee] cvlinders quenched 


when taken at a fixed temperature 


ahr.) was inversely to some 


Vill, 
proportional 


| 290. degrees 


the diameter greater than 1 but less : 


than 2 


PreR COOLING Vetociry, TAKEN AT 720 DerGREI 


(1330 DeGReEES FATIR. ) 


properties produced in steels are dependent upon the man 
but the cooling 


wling throughout the entire cooling range 
the 


relatively high temperatures in the neighborhood ot 
Wn transtormation temperatures must exceed certain values 


ive of the subsequent cooling rates at much lower tempera 
\s has been aptly said the cool 


the steel is to be hardened. 
rh temperatures provides the “will to harden” while the sub 


cooling determines the degree to which hardening takes place. 


iews comprise the basis for the selection of the cooling 


it 720 degrees Cent. (1330 degrees Fahr.) for the study of 


ot size and shape on the cooling of steels. 


he effect of diameter in spheres and rounds, and of thickness in 
ion the center cooling velocity at 720 degrees Cent. (1330 
ahr.) is shown in Fig. 28. The relation between the di 


wr thickness and the cooling velocity is closely represented by 


ition 
(1) 


Vp 


is. the cooling velocity at 720 degrees. Cent. in degrees 


le per second, /) is the stated dimension in inches (diameter 
ls and spheres and thickness for plates) and “"” and “c” are 


the values of which are given in Table II 


parison of these constants shows that the numerical value ot 
nent is a function of the coolant while “‘c’”’ 1s dependent 
hape of the material as well, and, hence, upon the surface 


ot volume. 


L he experi 


and M. Garvin 
carbon 


report by A VL. Portevin 
the hardening of 


the rate of cooling on 


Vol. 99, ~ 63; 191° 


m1cC¢e 
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Fable Ill 
Numerical Values of the Constants for Equation (1) 


ratio of length to diameter.in rounds 4. Por ratio of length to width to thi 


ANess 
in plates 4:4:1) 


Round 

Plates quenched 
sphere quenched 
Rounds quet 
Round 


It may now be stated that in quenching 


(a) Phe cooling’ velocitv, in the neighborhood of 720 degre 
the center of spheres, rounds and plates 1s inversely proportional to 
of the diameter (or thickness) vreater than 1 and Jess than 


(>) This power varies tor the different coolants; tt 1s close fo 1] 


i 


(1.15), approaches 2 in-.motionless 5 per cent sodium hydroxide (1.84 
mecreases generally.-with the rapidity of the coolant 

It would at first appear that the value of the exponent 
equation (1) might be used to obtain a number expressing t! 
“hardening power” of coolants as it is neither dependent upon t! 
size nor the shape of the material. « Such a derived value would, 
course, be based on the assumption that the cooling. velocity at 720) 
degrees Cent. was a quantitative measure of the martensitizatior 
hardening produced in steels which is not’ exactly true. Unde 
ordinary conditions. with carbon steels it is probably a sufficient 
close criterion, so that large errors would not be introduced, but 
are other reasons why such a derived numerical value cannot be use 
hese will be discussed latet 

Some usetul comparisons can be developed from the data 
in big. 28. The first has to do with the effect of the shape o! 
steel on the center cooling velocity taken at 720 degrees Cent. (sub 
quently called “cooling velocity” or “cooling rate”) and may be stat 
as follows: 

(c) For a given size, the highest cooling velocity ts. obtaines 
an imtermediate rate in rounds, and the lowest in plates 
Chis is due to the fact that a sphere of given size has a large! 


per umt otf volume by which the heat can be taken away 


round of the same diameter, and similarly a round has a lar: 


face per.unit of volume than a plate of equal thickness. 
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i 


e relations may be restated as follows: 


or equal cooling veloeity the ratio of the diameter of spheres t 
4 rounds and thickness of plates is as .4:3:2, provided the 
cylinder is at least four times its diameter and the length 

ach four-times the thickness of the 


i) 


plate 
e cooling velocity at 720 degrees Cent. (1330 degrees Fahr. ) 
hardening at the center of a l-inch sphere is the same as in 
f round, 3 inches long, and a '%-inch thick plate, 2 inches 


inches wide. Confirmation of this for certain 


sizes can be 
irectly trom the experimental data tabulated in Table LV, 
an-be secured mathematically from the general relationship 
equation (1) (lf D"-c); at the same time such compu 
ill show the degree of accuracy attained in the experiments 


ich the values of “"’ and ‘‘c” were determined 
center cooling rate, taken at degrees Cent. for 


center cooling rate, - taken degrees Cent. for 


center cooling rate, taken degrees Cent. tor 
the diameter of the sphere, 

the diameter of the round, 

the thickness of: the plate, 


relation between size and cooling velocity in water que 


1>\ 
89.8 


D.* 7 


SYS or Lol sphere 


54.1 
Di 


for rounds 


ling velocity in spheres and rounds | 


equals |’, 
54.1 


oT 
dD 89.8 \_* 
(. (4) 
LD) 54.1 
ight-hand side of equation (4) represents the ratio of 


spheres and rounds, which will have the same cooling 


when reduced is found to be equal to 1.33. Similar com- 


irried out for spheres and plates quenched in water gave 





Fable I\ 


Experimental Data Relating to Center Cooling of Rounds, Spheres and Plates 
0.98 Per Cent C, 1.63 Per cent Cr, Steel Spheres Quenched from 875-Degrees Cent. Int 
Motionless Coalants at 20 Degrees Cent. 


lable 1V—Continued 
0.89 Per Cent Carbon Steel -Rounds Quenched from 875 Degrees Cent. into Motionless 


Coolants at 20 Degrees Cent. 


RR 


rt 


High-Carbon Steel Plates Quenched from 875 Degrees Cent. into Water 
at 20 Degrees Cent. 


at 


a ratio of diameters equal to 1.960; for spheres and rounds quen 


in oil it was 1.399, 










. Int 


ionless 


Vi 





these are compared to an assigned value of 4 to spheres 






wing results are obtained, which are equal, within limits 


it 





imental error, to the 


stated ratios c) 












SHOWING THAT rHE CENTER COOLING JIMi FOR CER 


NTERVALS IS INVERSELY PROPORTIONAL TO THE ( 


OOLIN¢ 








city, TAKEN AT 720 DEGREES CENT 


‘\ 












1 


shown that the cooling velocity selected for previou 
s is proportional to the cooling time, provided this -is 
an interval which does not begin or end at a tem) 
he range ot large heat effects of. transformations 


rder to avoid those temperatures in which thermal effects 






nge both cooling rates and .times and at the same time 


if 







comparisons the cooling at both high and low temperatures, 
es were selected, (1) the cooling time from the quenching 
re. 875 to ZOO degrees Cent., (1605 to 1290 degrees .Fahi 
cooling time trom-&75 to 400 degrees Cent 1605 to 750 
ah 






shown in big. 29: the relation between cooling time ‘and 


spheres quenched in oil or in water is closely approxi 







1 


oa : 
ne general equation 









1S the cooling time in seconds, LD) 1S the stated dimension 





1 


nd “"" and ‘‘c,”’ are constants 


numerical value of ‘"” 1n equation (5) is. the same as that 








1) tor a given coolant. Therefore, the cooling time 


er 875 to 700 degrees Cent. or 875 to 400 degrees Cent. is 


roportional to the velocity and may be determined if the 


and “‘c,”’ are known for the various shapes quenched 





ferent coolants. This may be expressed as foilows: 
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Fig ’S Relation Between the Center -Cooling Velocits 
Taken at 0) Degrees Cent. and the Diameter or Thickne 
of High Carbon Steel Spheres, Rounds, and Plates Quenched 
from 875 Degrees Cent. Into Various Coolants 


in which ‘‘¢,”’ is the constant of equation (5) (cooling time equatio! 


and “c” is the constant of equation (1) (cooling velocity equation 


The numerical. values of “c’’ and.‘‘c,”” are dependent both uy 
the coolant.and the shape of the material. On this account they a! 
not ‘here included for all shapes and coolants. 


It may now be stated that 


(e) Provided the chosen interval does not begin or end at a temp 
within large thermal transformations, the cooling time at the centet 
rounds and plates is inversely proportional to the cooling veloc! 
720 degrees Cent. (1330 degrees Fahr.). 
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Relation Between the Center Cool 
res Quenched from & Degrees ( 
Deere Cent 


ins Pim und the Diameter of Ball 
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nt. Into Either Mottonless Wate 














cr or ExXposep SURFACE -IN ROUNDS, SPILERES, AND 
lt 


\TES ON THE CENTER COOLING VELOCITY, TAKEN AT /20 


eGREES CENT. (1330 DEGREES FARR. ) 



























foregoing comparisons have been given for the sake of 
ness and not because they are the most generally useful of 
vhich may be secured. -Aside from the necessity of having the 
il value of the constants ¢ (equation (1)) and-c, (equation 
each set of conditions involving. change in shape and cool 
relations do not apply directly to rounds having a length 
ratio other than 4, and likewise can be used only for plates 
ch the length and width are each four times the thickness. 
erefore desirable to seek a more generally applicable relation 
the cooling rate and the size and shape of material. 
cooling a heated mass heat must flow from the central zone 
the surfaces and be taken away from the body through the 


In contact with the coolant. Under ordinary conditions of 








reatment there is an unlimited supply of the coolant in compari 
the mass of metal to be cooled, so that the time required to 
heat away, and, hence, the rate of extraction, will be a func 
the amount of heat to be removed. With a fixed initial 
ing) temperature this is proportional to the volume of a 


etal. Since the exposed surface and volume are both of 
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Fig. 30--Relation Between the Center Cooling Velocity, Take! 
it 0) Degrees Cent. .and the. Exposed Surface. in Quenchin 
Various: Sizes and Shapes in Ditterent Coolants. trom 

De grees Cent 


Wnportance in determining the cooling rate in a given coolant, 
is reasonable to expect that the most general relation will be to 
in comparison of the surface per unit volume and the cooling velocity 
and not in consideration of the amount of surface alone. 

While the surface-cooling velocity curves shown in Fig. 30 tot 
the different shapes are of the same general form as those in Fig 
”) 


in which diameter or thickness is plotted against the 


velocity, it can readily be shown that they apply only to the 


sets of conditions covered by the experiments and are not 
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il use. Therefore, no attempt has been made to represent these 


mathematically. 








2ELATION BETWEEN THE SURFACE PER’ UNIT OF VOLUME AND 


HE CENTER COOLING VELocITY, TAKEN AT 720 DEGREES CEN) 


, 


1330 DerGREES AHR). 












the cooling velocity, taken at 720 degrees Cent., is compared 
surface per unit of volume for each of the basic shapes 
res, rounds, and plates) a-family of hyperbolic curves is ob 


which are’ represented by the equation 






is the cooling velocity in degrees Centigrade pel second, 
720 degrees Cent., S is the surface area in square inches, 


the volume in cubic inches and “"" and “C..”” are constants. 








* . 


values of which are given in Table VV. (‘"” is the same as in 


us equations. ) 






Table V 





Numerical Values of the Constants for 











Equation (7) 





Conditions 


ched tn 5 per cent NaOH from & ( 1.84 
hed in water from & Cc 













1 water from &7 ( | ; Oo] 
t tron e ( 





hed in Ne oul from &7 ( 1.40 
ul trom & 












Unlike previously developed relations both. constants are inde 
endent of the shape of the material and under otherwise fixed con 
are determined solely by.the coolant. This, however, only 
to the simple and basic shapes covered by the experiments, 
y, spheres, rounds, and plates, but is not restricted to a fixed 

length to diameter in the rounds or a fixed ratio of length to 

) diameter in the plates. Lquation (7) is thus more generally 


11 
| 
i 


le than the previous ones. [xperimental confirmation of 





given in Fig. 31, in which is’ shown the effect of surface pet 
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| | Between — the Surtace 1" 
lL nit oft ol vl the Center Cooling Velocity 
Taken at ; wt s Cent. in Various Sizes an 
Shapes Ouenched trom. Ss Dewrees Cent Lait 
Ditherent : 

Hlollow rel fepresent Determination With 
Sphere Solid Ircies With Rounds Llollow 
Squares With PI 


unit volume on the cooling rates im various coolants. Spheres 


rounds with different ratios of length to diameter, and plates in whi 


tt 


the ratio of length to width to diameter has been varied are all plott 


to the same coordinates and fall closely on a smooth curve for eac! 


coolant. From the data given in Fig. 31 it is possible to approximat 
the cooling velocity for any of the simple basic shapes, or this can | 
determined from equation (7) and the values of “"” and *"( rivel 


above tor 5 per cent sodium hydroxide in water, water, a commerc! 


quenching oil, and air cooling. If the critical cooling rates are know 


P>allawe that 
TOUOWS Ul 


for a given steel, or quenching diagrams are available, 1 
the degree of hardening can be predicted or that the size which 















by substitution in equation (7) the constant “C,” can readily 


manner. lHlowever, the determination of “C..” is not 


O87 


completely. throughout (martensitization ).can be determined, 
for a round, sphere, plate, or cube 
asmuch as “8 and “Cy” of equatron (7) are independent of 
ne of the matenal, the cente cooling velocities of spheres, 
and plates will be equal when their respective surfaces pet 
volume are equal.” The sizes which have equal surfaces pet 
volume in these different shapes, and, hence, equal center 
velocity, are as tollows: 


ies fol 

th-diameter ratio for rounds He Lrvtinnite 

rth-width-thickness ratio tor plates 1:41 Lintinnite 
phere { 3 
Rounds ’ < 
; | 


ditference between these ratios for the finite and the intinite 


is due to the greater cooling etfect exerted by the end and 
rfaces of the short pieces, 
ipply the foregomg to any coolant it is only necessary to 
different values of surface per unit of volume, the relation 
and the cooling velocity. This is shown graphically by 
ily of curves in Fig. 32 and can conveniently be used for any 
imple shapes. l*or example, if the preseribed cooling velocity 
when quenching a cylinder 1 inch in diameter and 6 inches 
a special oil, the numerical value of “"” for this coolant: is 
by the intersection of the horizontal line at this cooling rate 
curve representing the surface per unit of volume of a l-inch 


by 6-inch long cylinder, Let it be assumed that the cooling 


tv is known to be 25 degrees Cent. per second Since the sur 


unit of volume of the designated cylinder is 4.33, the value 


equals 1.43. 


he 
and it is then possible to make use of the equation in the 
neces 
\nowimg the value of “®" for the coolant, it is possible to 
irectly from the curves in Fig. 32 the cooling velocity for 
le of surface per unit of volume. These le along a vertical 
ected trom 1.43 which equals the value of 
32 gives the most useful of the relationships so far described 


i? 


a close approximation can be obtained of the “mas: 


1 quenching for a wide range of conditions... No calculations 
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Mass Effect 
Between the Center Cooling Velocity. 
7 and the Surface Per Unit 

d from 875 De yrees Cent Into Anv Coolant 
are required, and it is only necessary to know the cente! 
velocity for one size in any of the simple shapes. 

It will be well at this point to refer again to the condit 

which the experiments were carried out, so that there will b 


understanding concerning the application of the described 
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place, the equations apply only to the center of the simple 
es. In all cases a quenching temperature of 875 degrees Cent 
5 degrees Fahr.) was employed, and both the steel and the 
t were kept motionless. \s the customary methods of com 
al heat treatment involve agitation or circulation of liquids, 
is water.and oils, and likewise a variety of quenching tempera 


are employed depending largely upon the composition of the 



















kig Eftect of Quenching Temperature on the Center Cool 
Velocity, Taken at 720 Degrees Cent. in Quenching High 
( rbon Steel Into Either Motionless Water or Oils at 0 Degree 
{ ent 
Direct Experimental Results Given as Solid’ Circles, Triangle 
! Squares Derived Values, as Explained in the Text, are 
Shown | Crosses and Hollow Circles and Square 





if 


but also on the purpose of the treatment, practical application 
e data requires consideration of the effect of motion in coolants 
| the effect of quenching temperature on the cooling velocity. 


; 


lust as water and oil are different coolants so may each rate of 





or degree of circulation be properly considered as distinct 
the motionless coolant. The rate of coolant motion is known 
inge the speed of cooling and there are, therefore, an infinite 
ety of coolants which must be considered, including not only 
es In the composition but also in degree of motion and tempera 
However, it 1s only necessary to know the cooling velocity for 
e and shape of sample when quenched from 875 degrees Cent 


legrees Fahr.) in order to determine from Fig. 32 the con 





and all data which can be developed for the motionless 


ised in the experiments. The accuracy of the results will, of 
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course, be dependent upon the reliability of the cooling rate used 


as 


hasis for the comparisons or calculations. It may now be stated t! 


(f) In quenching simple shapes of various sizes (spheres, rounds, p! 
the center cooling velocity is proportional to some power of the surfa 
unit of volume greater than 1 and less than 2. This power increases wit 
rapidity of the coolant used. 

(g) When quenching from a definite temperature into a given c 
the center cooling velocity is determined by the exposed surtace per ui 
volume. Hence, it will be equal in spheres, rounds and plates which 
equal surface per unit of volume. This condition is fulfilled when th 
diameters of spheres and rounds of infinite length to the thickness of | 
having infinite width and length is 3:2:1. When the length of the round 
four times its diameter and the width and length are each four times 
thickness of the plate, these ratios become 4:3:2 


iLLeS 


5. Lrrect oF QUENCHING TEMPERATURE ON THE CENTER CooLin 


Vetocity, TAKEN AT 720 DeGREES CENT. (1330 DEGREES FaAnHrR. 


The effect of quenching temperature on the designated cooling 
velocity obtained in water and two oils is shown graphically at th 
left side of lig, am and it will be noted that 1n all cases the increase 11 
rate is much more marked for a given temperature rise between 72 
and 800 degrees Cent. (1330 and 1470 degrees Fahr.) than abov 
I'rom these curves conversion factors can be determined by which 11 
is possible to change the cooling rates from the “standard” quenching 
temperature of the experiments, 875 degrees Cent., into the rates 
which would be obtained from any initial temperature between 72 
and 1050 degrees Cent. (1330 and.1920 degrees Fahr.) a rang 
covering commercial hardening temperatures except for high s 
steels. As a matter of convenience the conversion factors are show! 
graphically in the right halt of the diagram. 

In addition to the direct experimental observations giving 
changes in rates with quenching temperature, derived values for 
conversion factors have been included in the curve at the right sid 
of Fig. 33. ‘These were computed from data given in Fig. 21 and d 
pend upon two facts—(1) that the cooling velocity-temperature 
changes (neglecting thermal transformations) are of the same torn 
when quenching the various sizes and shapes from different tempera 
tures in a given coolant, and (2) for a given final temperature th 
maximum velocity throughout the cooling ranges is directly propo! 
tional to the initial (quenching) temperature, both with respect 
its position in the temperature scale and its numerical value 

The many quenching curves taken to demonstrate thes 


cannot. be included in this paper, nor will there be given 
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rivation of the conversion factors by this method. It is to be 
however, that the derived values show close agreement with 
letermined directly by experiment, and thus indicate that ex 
ally consistent results have been obtained in the several sets of 
nents. 
e actual change in cooling velocity is larger in the rapid coolant 
those which cool the. steel more slowly, but the conversion 
for the two oils and water are practically identical—at least, 
re so close as to be within the limits of experimental accuracy. 
mm the data given in Fig. 33 “the quenching temperature con- 
chart” of Fig. 34 was prepared. This gives for samples of 
nt surfaces per unit of volume the conversion factors to be ap- 
} the cooling velocity from one quenching temperature in order 
rmine the cooling velocity of the same sample when quenched 
same coolant from other temperatures between 720 and 1050 
; Cent. (1330 and 1920 degrees Fahr. ) 
should apply generally to coolants which give cooling charac- 
similar to those shown in Fig. 21. Practically all of the oils 
eous solutions tested. at ordinary temperatures fulfill these 
ions within the limits of accuracy attained in the described ex 
ents. Included in this list are sodium hydroxide solutions, 
, and also calcium chloride brines, dilute sulphuric acid, sperm, 
foot, transformer, cottonseed, machine, castor, olive, fish, and 


proprietary quenching oils. It does not, however, apply to air 




















connection with Fig. 34 the “mass effect chart” (Fig. 32) 
es of general use, as it is only necessary to reduce the known 
ot the cooling velocity trom one quenching temperature into 
te produced from 875 degrees Cent. (1605 degrees Fahr.) when 
lass effects’’ can be determined and a reconversion for quench- 
mperature made for the new size and shape. ‘To illustrate the 

the “quenching temperature-conversion” chart, a number of 
les may be cited. 


2 inches long (surface per unit 


the rate for a ™%4-inch round, 

%) 1s known to be 67 degrees Cent. per second when 
ed in a given coolant from 900 degrees Cent. (1650 degrees 
and it is desired to determine the rate when quenching from 
etees Cent. (1400 degrees Fahr.) under. otherwise comparable 


7) t 


ns, the following procedure may be employed: 
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Table VI 


Comparison of Direct Experimental Determination for Cooling Velocity Taken at 
Degrees Cent. with Values Derived from “Mass Effect” and “Quenching Tempefaty,; 
Conversion” Charts (Pigs. 32 and 34) 


inch round 
inch round 
inch round 


t4-inch sphere 


iy-inch sphere 


(GENERAL Limits Within Wuticnh THe Deriveo ReLatio: 
BETWEEN THE COOLING VELOCITY AND SURFACE PER | 


or VOLUME APPL) 


he results of a few special experiments will serve to illustt 
the limits within which the derived relations between the cook 
velocity and surtace per unit of volume apply. 


\ l-inch diameter cylinder, 3% inches long, with spherical e1 


was quenched in water from 875 degrees Cent. and the center cool 
velocity found to be 55 degrees Cent. per second. ‘This eylinder hi 
a surface per unit of volume equal to 4.42 and according to equati 
(7 ) the cooling velocity would be 53 degrees Cent. per second 

surface per umit of volume is slightly less than the same cylindei 
without the spherical ends (4.56) for which a cooling velocity « 

56 degrees Cent. per-second should be obtained. 

A 7%-inch square bar 3 inches long when similarly quenched | 
water from 875. degrees Cent. had an experimentally. determined 
cooling rate equal to 60 degrees Cent. per second.- Its surtace 
unit of volume equals 4.80 and according to equation (7) or the ch 
reproduced in Fig. 32 its velocity should be 61. 

In both these cases the modifications made in the basi 
(spheres, rounds, and plates) did not involve very large changes 


1 


the surface per unit of volume, and the values obtained trom 


equations and charts check the experimental data within th 


of accuracy ‘attained.: ‘Therefore, a 34-inch diameter cy 





was prepared in which the entire curved surface was 

with 34-inch United States standard threads. 10 to the 
Che surtaces per unit of volume ot this-threaded spect 
unthreaded cylinder ot the same leneth and diameter are 

vely 11.0 and 6.0. The calculated cooling velocity for the 


| piece was 202 degrees Cent. (505 degrees Fahr.) per second, 


YZ deg cco 


the actual rate obtained in quenching it was only 
second, which 1s practically identical with the calculated and 
woling velocity of the plain cylinder, namely, 90. degrees Cent 
ral conclusions should not be drawn trom these limited ex 
but they imdicate that the deseribed relations between 
velocity and the surtace per unit of volume do not apply when 
ons-in the simple basic shapes involve a large change in the 
ithout appreciably attecting the volume (or weight). Wath 
ees in form trom the: basic shapes which do not alter ma 
ratios of surtace to volume the equations and charts give 

ch approximate the actual values within about 5 per cent 
they cannot be considered for irregularly shaped 

lich have no geometrical center at which to determine the 
velocity, but mn at least some ot such cases it is reasonable 
that the cooling velocity at the center of equal temperature 
bear.some cdetinite relation to the surface-volume re 

Chis nught profitably be investigated, but would require 

4} temperature distribution during cooling. 

portant question, as it relates to the simple shapes covered 
periments, 1s whether the data can be applied to large masses 
already been demonstrated that the relation between the 
ling. velocity and the surface per unit of volume is rep 


by a tamily ot hyperbolic curves having the general equation 


\ 
= ) ( \s the value of the exponent” was found to vary 


ferent coolants, the curves will cross if carried far enough 

\ large SIzZes. 
ler words, oil would cool taster than water, and with suffi 
rge masses even air would cool the center more rapidly than 
hydroxide, ete. Obviously, such effects are unreasonable, and 
at the outset that the several equations do not hold 


Hlowever, it 1s quite reasonable tor the center 
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cooling velocity obtained in various coolants to be more nea 
same for large sections than in the relatively small samples used in 
described experiments. A-point must be reached with increasin 
where the effective surface through which the heat must be tak 
so small in relation to the weight (or volume) and so f; 


from the center that the cooling is a function of the ther 








Fig $5—-Time-Temperature Cooling Curves Obtained 
Center of ‘a 1114-Inch Diameter Sphere Quenched in 
Coolants From Different Temperatures 

This Sphere Was Made From 0.19 Per Cent Carb 


ties of the metal. No matter how: quickly the surface is brought | 


the final temperature of cooling there must be a limiting rate by whi 


1 
| 
1)\ 


heat can be withdrawn from the center, and this 1s controlled 


thermal properties of the material being quenched. 


Results Obtained in Quenching a Sphere 11% Inches m1 

To determine whether equal cooling velocities are obtained ui 
such conditions, in which the equations show:a supposed reversa 
“hardening power” for various coolants, and likewise to compare | 
numerical values of cooling rates determined experimentally on Ia! 


sections with those derived. from the small size specimens, 


. . . . Pe onc 
quenching experiments were carried out with a sphere 11.29 1 


in diameter. This was quenched from 985 and 1025 degrees ‘ 


sail aes ; ' eet” 
(1805 and 1875 degrees Fahr.) into motionless water at <- 


Cent. and also from 985 degrees Cerit.. (1805 degrees Fal 














ess oO pel cent sodium hydroxide at 22 degrees {( ent. A l4 
romel-alumel thermocouple and a portable potentiometer were 
taking the time-temperature cooling curves reproduced in 
\side: from the inconvenience in using the string galva 
for low rates of cooling this change in equipment and meth 
desired to check the accuracy of the determinations on the 
mples. Special precautions were taken to maintain good con 
ween the thermocouple and the center of the sphere during 
iting and cooling The thermocouple was mounted on a 
plue in such a manner that when screwed tightly into the 


T 


red to the center of the sphere it pressed the hot junction 


the metal 


ntion has already been made of the fact that the maximum 
velocity throughout the cooling range is directly proportional, 
respect to its position in the temperature scale and its 
value to the initial (quenching) temperature (provided 
and its temperature are fixed). In both water and ‘5 pet 
hydroxide the maximum velocity is found at about 0.8 
uenching temperature. This, therefore, offers a simple 


comparison which will. be used in discussion of the quench 


the iarge sphere. 


quenched in water from 985 degrees Cent. (1805 degrees 

he maxinium center cooling velocity was found to be IA 
Cent. per second (at 790 degrees Cent.) ; from 1025 degrees 
vas 1.5 degrees Cent. per second (at 820 degrees Cent.) ; 

in the 5 per cent sodium hydroxide from 985 degrees Cent., 


{ degrees Cent. per second. 
the maximum cooling velocity determined directly by ex 


at the center of the 11.25 inch chameter sphere was the 


hen quenched in water as in the 5. per cent sodium hydroxide. 


e surface per unit of volume of this sphere 1s 0.533. From 


iss effect chart” (Fig. 32) or equation (7) the maximum cool 


city can be computed as in quenching from 875 degrees ¢ 
O85 

at from 700 to 720 degrees Cent. ‘These values times—— 
8/5 
vive the respective maximum rates when quenching trom 
rees Cent. A comparison of the derived values and the ex 


data tollow Ss: 
























































































































































\n exceedingly close check has been obtained. However. 
important feature 1s that water and 5 per cent sodium hydroxide 
not, as-in the case of the small samples, give appreciably differen 
center cooling velocities. 

It is not, of course, possible from these experiments to 
definite limits within which the “mass effect chart” (Fig. 32) or ¢! 
hyperbolic curves. between center cooling velocity and _ surface 
unit of volume hold good. However, it appears that these cury 
are valid, within the prescribed limit of accuracy of about 5 per cent 


at all points:until they cross the curve for water’ which is rep 


© )x 
( W J *9-94; 


subsequently as the size increases the velocities in other media appea 


sented by the equation 


to approximate those given by water which has been shown to app! 
to large masses. 

It should now be evident why the exponent “"” of the sever 
equations. cannot be used as a direct measure of the “hardenu 
power” of coolants, for in large sections, as was shown by the & 
periments just described, little difference is observed in the cente 
cooling velocity for widely different coolants. In such cases 


cooling is a function of the thermal properties of the metal. 


COMPUTATION OF CENTER COOLING CURVES FROM 
IX PERIMENTAL DATA 


If in equation (6) there-is substituted the value of \ gi 


by equation (7) the following is obtained. 


CC; W 
ts S 


Since C, C, and C, are constants, the product of C and C 


by C, will also be a constant. Equation (8) may then 


written as follows: 
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center of small sizes of the simple shapes is proportional 
unit of volume raised to some 
of this exponent have already 


coolants and 


IN 
oe 


} diam.*2° long cylinders of 


open hearth iron ( test 1268 
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the 


the constant 


it is dependent in addition’ to 
the 
be possible to construct. the complete time-temperature 
curve for the center of various sizes and shapes. 
he experiments with samples of different sizes and shapes 
samples used in the experiments were made of high carbon 
high carbon-chromium steels, whereas the largest sections 
force of circumstance prepared from commercial low car 
These variations in steel composition are undesirable, 
from the standpoint of the cooling at the lowest temper 
as 1s shown at the right side of Fig. 
With low carbon steels the cooling was 
in. the range below about 500 degrees Cent. but at the 
temperatures such changes in composition produced changes 


which were small and not easy to measure by the 





























































To apply equation (9) it 
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they introduced 
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methods used in the investigation. It should, therefore, be kept 
mind that the numerical values for certain constants later develope 
will give at the lower portions of the cooling range times slighth 
large for small sections of low carbon steel and times which ar 
somewhat low for large sections of high carbon steels. 

It has already been shown that the cooling’ velocity in th 
neighborhood of 720 degrees Cent. is dependent upon the surfac, 
per unit of volume and does not vary with the shape of samp} 
Likewise, it has been shown that the cooling times for certain ten 


perature intervals is inversely proportional to the cooling velocity 


At the left side of Fig. 36 it is shown that, within limits of exper; 


mental error, the entire cooling. is independent of the shape 
sample. While this has been determined only: on small and mod 
erate-size sections, it 1s a reasonable assumption that this applies 
equally to. the large specimens. Further indirect evidence of t! 
will be found in.data presented later. 


a. Data Showing That in a Given Coolant ‘the Center of a Gi 
Steel Sample Cools in Equal Times to Equal Proportions 
of the Cooling Range 


Sefore considering in detail the relations between cooling times 
and the size and shape of sample, attention will be given to the effect 
of variations in quenching temperature on the cooling. The times 
required to cool the center of spheres of different sizes from 730 
(or 760°), 815°, 875°, and 950 degrees Cent. to various lower te: 
peratures in water, No. 2 oil and air are summarized in Tables \! 
and VIII. If these times are plotted against temperature express 
as a proportion of the cooling range (quenching temperature 
coolant temperature), curves similar to those in- Fig. 37 are ol 
tained.’7 It will be observed that the center of the sample cool 
to equal proportions of. the cooling range in equal times. It ther 
fore follows that any relations developed for one initial tempera 
ture are immediately applicable to any other, provided only that 
temperature is expressed as a proportion of the cooling range. How 
ever, this has only. been shown to apply to quenching from abo 
transformations, at or above about 720 degrees Cent. 


For coolants at atmospheric temperatures, no appreciable error 1s_ intr 
culations are simplified if temperatures are expressed as a proportion. of the t 
quench instead of as a proportion of the cooling range Chis ‘method was us 
Figs. 37 and 41 and in deriving data in Tables VII and IX, relating to c 
temperatures It will: introduce greater errors for coolants at much higher 
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Table VII 
{ Quenching Temperature on the Center Cooling of Steel Specimens of Various 
Sizes and Shapes in Different Media 


Time in Minutes to Cool to Proportion of 


| 

Quench Femperatur nal 

Temp. 97.2 9 80.0 68.6 7.2 ? 4 
~ —% ’ Cf, C, ‘ ¢ cy 
760 0.21 0.39 0.49 0.76 0 


Ouenching 


‘ 


760 0 0.035 0.044 5 0.068 0093 
760 0 0.033 0.043 0.063 0). O82 
760 0.2! ; 0.63 O.84 ; 1.62 
730 0) 5 ; 0.064 0.095 ) 0.955 1) 487 
760 O13 53 1.30 295 
760 0.25 7 1.85 3 33 
5 0 0.068 0.089 

0 0.192 0.256 

0 0.413 0.542 

0 0.077 0.111 

0 0.192 0.278 

0 205 0.300 ().437 

i) 2s 0.46 0.66 

0 327 0.783 1.53 
0. 07 2.10 
0) 15 
0.39 Ye aoe } / 18... 
0.52 7 97 ».67 9.75 5.50 26.67 
0.72 4 7 7 12.67 20.37 s0.00 +8 
0.080 : > 0.183 0.219 0.263 0.325 0 
0.146 2: 313 0.403 0.500. 0.620 0.77 
0.187 > 0.607 O.817 1.17 
0.233 7 0.767 1.03 1.45 
0.117 / 1.22 ead ; 
0.183 ; > 03 3.63 


6 





0.267 667 ; 2.93 27 / 
0.482 Cen 4 1.78 6.65 87 fa.ao 


0.617 28 ..03 5.88 10.67 18.37 29.00 45 


1000-600 degrees Cent., when quenching from 1000 
nt (Refer to footnote 17 of the text.) 


valuation of the ‘‘Time-Constant”’ 


lable VIII are tabulated the times required for cooling 


~ 


degrees Cent. to various lower temperatures. ‘These 


cal values were secured from a large number of cooling 


taken when quenching the specified sizes and shapes into 


\o. 2 oil and air. Included also are values taken from 
tor large sections published by Law'* and Bash"; Harper's 
ive not yet been published.” From these data, the values 


in equation (9) were computed and it was found that its 
ical value depended not only upon the coolant and the cooling 


Effect of Mass on Heat Treatment fournal, Iron and Steel Institute, 97 


ring Temperature and Rate of Heating and Cooling of Large Ingots, 


American Institute of Mining and Metallurgical Engineers, ‘‘Pyrometry 
614 (1920) 2 


ling curves at the center of the 12-inch cube quenched in water and also 
were taken from experiments recently carried out by J. F. Harper, Allis-Chal 
cturing Company, Milwaukee, Wisconsin 


; 





TIONS OF 


lemperature 
In mcr c | 1") 


ll Temperatures are Expressed as 


i 
itial (Quenching) ‘Temperatut (Rete 
the lext 


interval, but also upon the surface per unit or. volume. | 
conditions the direct evaluation of this constant for even one « 
ant involves.a great deal of work, including such extensive expe! 
ments that when completed they make the evaluation unnecessa! 
tor there have been obtained experimentally all required data 
this reason, the results of the computations r 
included. 


rreda to are 


Obviously what is needed is to evaluate C, in terms 


ily determinable factors associated with the surface pet 


volume and the coolant, so that with:a ceoling curve for 


ter of one size of the simple shapes. immersed in a give! 











shapes when quenched in the same coolant 


UnhNeCcE Ssary 


were developed, but 
exception ot the first drop In temperature, say tor 


1) degrees Cent., 


in be derived by means of simple ‘calculations for various 


to record in detail the methods by 


One 


teature 


should 


be 


which these 
mentioned 


all inl 


the cooling curves for the various sizes 


to tollow closely the relations represented by equation (YY), 


ecilically, when deriving time-temperature cooling curves 


center ot large 


sections from constants determined from ex 


on small samples it was found that the derived curves 


most cases generally 


Mil, 


pract ically 


erved directly 


parallel to, but offset at some dis 

the curves determined experimentally. The derived 
all cases showed more rapid cooling than 

by experiment,.and the magnitude of this 


appeared to increase with the section, and hence with 


the surface per untt of volume 


iler, tor a 


and 


Loh . 


moment, 


that 


reciable drop in temperature 


Ol 
\\ 


shi ula 
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heat 
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an appreciable time elapses before there can be 
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) where the most rapid cooling is obtained, this 
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will be 


‘Therefore 


defined 


for 


) 


this 


Lactor, 


present 


< per cent o 


which will 


pur] WOses AS 


f the cool 


e (equals 17.1 degrees Cent. for a quenching temperature 


rees Cent. when the coolant is at 20 degrees Cent.). Actu 
lag’ increases with decrease in the surface per unit of vol 

hence with increase in. size of any one of the simple 
reter to Pic; ?° 


these eitects 


in mind, a study of the experimental data 


‘1 in the various tables and charts gave -the following em 
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'SACTIONS OF THE 


cooling time from the quenching temperature to 
temperature (in this report expressed in minutes) 
x 1s the “lag” in minutes; represents the cooling time for 
drop in temperature equal to 2 per cent of the cooling rang 
vy is the “time constant”. 
S is the surface area (in this. rey 
W is the volume (in this report given in cubic. inches ) 
n is the.exponent depending only on the coolant; its numeri 
are the same as in all previous equations. 


ort given in square inches 


With this equation the time-temperature cooling curves 
center of various sizes of the simple shapes may be derived 


the steel is quenched into given coolants, provided (1), the ex; 


k 


mes 


> I 
_ ~~ 


= 


Bet 


De termini 


‘‘n” is known for the particular coolant under consideration, at 

an accurate center cooling curve is available for some one size of « 
of the simple shapes when quenched from any temperature 
above about 720 degrees Cent. into this coolant. In other wot 
if this exponent and one good cooling curve are available, curves ¢a 
be derived for the whole. range of sizes and shapes quenched ! 
temperatures at.or above 720 degrees Cent. 

Time-temperature cooling curves are not especially difficult 
obtain, for even with so-called “drastic”? coolants good results may’! 
secured with ordinary pyrometer equipment and stop watches if ¢! 
experiment ‘is carried out with moderately large sections whic 
duce the center cooling velocities. The value of the exponent 
can be determined, if it is not known, by methods already 
and when once obtained for a given coolant is fixed for 


sizes and shapes and independent, of the quenching tet 








Table IX 


of the Time Constant ‘“‘y”’ for Various Cooling Ranges in Various Coolants 

















en remain for evaluation the “‘lag,’ x, and the “time 


”’ y, before the time, T, from the quenching temperature to 
el temperature can be directly determined fre 1m equation (10), 


study of the “lag,” x, in cooling curves taken when cooling a 





¢ 


iety of sizes and shapes in water, No. 2 oil or air shows that, 







ne coolant, this increases with decrease in the surface per 
volume; it was greater for a given surface per unit of volume 
oling in-air than when quenching in oil and, likewise, greatet 
nin the more “drastic” water quench. As is indicated in Fig 


. which is shown the relation between “lag” and surface per 













1 


volume, the differences between water, the oil and air dimin 
he size of sample increases (as the surface per unit of volume 

Chis feature again confirms the view, already expressed, 
e center cooling of large masses is affected to a much smaller 
by the coolant than that of small sections, because the surface 
emoved from the center and is small in comparison with the 


§ metal to be cooled. 


attempt was made to express mathematically the relations 


se] 
| 
I 


the “lag,” the surface, per unit of volume and the coolant, for 
not difficult to prepare a chart from which the values of the 
uld be secured. This “lag” chart is reproduced in Fig.. 39, 


the 








sake of reducing its size semi-logarithmic co-ordinates 









Jag” for any size of the simple shapes may be found in 
coolants by locating the intersection of the line representing 
nent ‘‘n” for the coolant with the curve for the surface per 
volume equal to that of the sample in question. This chart 
mn the lines drawn through the “scatter” of points for water, 
lair in Fig. 38. Each of the lines representing surface per 


39 are therefore based on three points, those 
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(n 1.15). Their exact curvature has. therefore, not beet 
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ly the curves are close to proper torm because with very 

ling (n approximately 1) the lag would be large, so that 

the curves must bend sharply in the direction shown, How 

principles involved in the: preparation of this chart are con 

i more importance than the numerical values, which will 
ditterent metals 


e x of equation (10) is now known tor ordinary coolants, 


] 
} 


h the value of the exponent “n” is available, only the “time 
“vy, must be secured. The solution of equation (10) tor 
experiments with a variety of sizes and shapes, showed 
time-constant” (Fig. 40) was dependent only upon the cool 
provided the final temperature was expressed as a pro 

the initial (quenching) temperature. Average values for 


in Table IX. The direct application of equation (10) 
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may now be considered as all terms except the time T | 


evaluated, 








example, consider: motionless water at 


the value of the exponent 


Time -— minvies 


from 875 
rees Cent , 












Experimental 


Sizes and Shape 





‘equals 1,75. 


cooling curve is available for a sample with a surtace pet 
Jume of 1 when quenched from, say 875 degrees Cent., the 
procedure is used in the derivation of cooling curves tot 


and shapes quenched trom temperatures at or above about 


determine from the known cooling curve the lag 
solve the equation (10) for the time constant, y, 


cooling ranges, for example, from the quenching tempera 














40 degrees C ent 






































to ZOO’. from &75 


e values of y obtained for each interval apply to the various 


and shapes which may be considered. 


ondly, determine from the “ 


shape s to be considered. 





lag” chart, Fig. 39, the values.of 
the various sizes and shapes for which data are desired 
values are obtained from the intersection of the line n 


with the respective surfaces per unit of volume of the sizes 


d, to locate the cooling curve, substitute in equation (10) 
proper value of x for the size considered, the proper value 
urtace per unit of volume and the value of y for each of the 


ling intervals desired: and solve in each case for the cooling 
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Time - minutes 
Fig. 43--Comparisons of Derived and Experimental Oil ( 


ing Curves for the Center of Various Sizes and -Shapes 
No. 2 Oil Was: Used in These Experiments 


lf these values of T are plotted against the final temperatu: 


expressed as a proportion of the cooling range, a time-temper 

ture cooling curve will. be: obtained which will represent 

cooling of the particular size and shape: considered wh 
quenched from any temperature at or above about 720 degree: 

Cent. 

[f this process is repeated for various values of surface per w 

of volume, a series of cooling curves will be obtained for t! 

various sizes and shapes quenched in this coolant. 

The results of computations carried out for air in a mann 
similar to that described above gave the typical results shown in fig 
41. This chart, which has been plotted to logarithmic coordinates 
to reduce its size, is not presented so much to give numerical values a 
to demonstrate the method of preparation which may be applied | 
many coolants. It is to be understood that the term coolant her 
fers.to.a medium at a particular temperature with a particular rat 
circulation or motion; a change in any one of these or other 


portant factors represents a change in the coolant. 


Application of the Computations 


The described relations are empirical, for they are not based 
the fundamental constants of materials, but upon direct.experimen 


determination of cooling times under a variety of conditions 





QUENCHING OF STEELS 


exper imenta 
—— experimenta| 


—— derived 





06 "ee 
Time - minutes 
Fig 14. Comparisons of Derived and Experimental Water 
ing Curves for the -Center of Various Sizes and Shapes 
LeChatelier’s Cooling Curve Obtained from Rey Met. Mem 
Part 1, 1904, pp 173-493 
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DIAMETER OF SPHERE—INCHES 
Fig. 45—Cooling Times for Different Temperature Ranges at 
the Surface of Spheres of Different Diameters When’ Quenched 
Into 5 Per Cent.Sodium Hydroxide Coolant Motion About 


Feet Per Second Coolant Initially at 18 to 22 Degrees Cent 
(65 o 70 Degrees Fahr.) 


of computations for different coolants depends upon the 
attained in the experiments upon which the computations 

or this reason, it would be unwise, under ordinary con- 
to base calculations for a given coolant on a single cooling 


\ sater course would be to secure curves.for at least two 
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widely different sizes and shapes and in both cases to demand at 


two consistent experiments. 


cooling curves should be obtained which should be more nearly 
resentative of the actual cooling than curves derived, at this 
from purely theoretical considerations, since the latter requiré 
sumptions of the values of certain physical constants whicl are | 
now accurately known. 

Comparisons of computed curves with those determined expe 
mentally on different sizes and shapes cooled in water; No. 2 oil 
air are given in Figs. 42, 43, and 44. As far as. was practicable thes 
comparisons were made with the results secured experimentally 
other investigators and show that direct experimental confirmati 
is available for. the described empirical relations covering a wi 
range in conditions. Naturally the derived values do not closely che 
all published results tor supposedly similar quenching conditions, | 
agreement 1s obtained with representative experimental data ‘fro 
different sources. 

\s is shown in Figs. 42, 43, and 44, there may be appreciah 
variations between the derived and experimental cooling curves in tl 
zones otf thermal effects of transformations. ‘These thermal effect 
can be taken into account in determining the time-constants for differ 
ént coolants to secure close approximation of the cooling throughou! 
the entire cooling range, particularly for large masses. This was 1 
done because the magnitude and position of the transformations vat 
with different steels, and, as has already. been stated, there were 
ferences in the composition of the steels from which the large } 
small specimens were prepared: The important feature is the simila 
ity, in given coolants, between the center cooling for various sizes al 
shapes, which enables a resolution of cooling curves into two ma) 
components, both related to the surface per unit of volume of t 
sample: (1) an initial period called “lag,” which was taken as | 


time to produce a temperature drop of 2 per cent of the coo 


range, and (2) thereafter the typical time-temperature changes ¢! 
acteristic of the particular coolant. 
\ttention should be called to Law’s water cooling curve 


18-inch cube in Fig. 44. The derived cooling curve for such a cu 


hased on the average “lag” from Fig. 38, is shown by the dotted 


\ in Fig. 44, which is generally parallel to, but offset tron 
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ntal curve given by Law. In other words, the major difference 
he two 1s due entirely to the initial period or how soon after 

in-the water an appreciable center cooling begins. Com 
of law's water cooling.and oil cooling curves for the. same 


ws the “lag” to be greater in water than in the less “drastic” 
nch 





Chere.is-reason to believe that this is not representative 


two coolants but associated with. the way in which. Law's 





were quenched. If the actual “lag” scaled from Law's curve 







place of the average lag for this size of cube given in Fig, 


8, the dotted line B in. Fig. 44 1s obtained and closely agrees with 
erimental values. 


ttention is .called-to the fact that the values of the exponent 






quation (10) are the same as those in equation (7) giving the 
hetween surface per unit volume and cooling velocity. At 


] 


irectly this eonfirms the correctness of the described data. 





ther teature of interest 1s in the relation between the ex- 





and.the “lag.” Were it not for the fact that it was im- 






ble to attain the desired degree of accuracy in the experi- 


vork, the value of “n” tor different coolants might be de 







d directly. from Fig. 39, after measuring the lag in the manner 
bed when cooling some. one size of one of the simple shapes 
se coolants. 

ide from the determination of cooling times in typical coolants, 


ethods outlined make possible a correlation of data. irrespec 
| 





size ot the simple shapes or of quenching temperatures above 






7/20 degrees Cent. 















S. SURFACE COOLING OF SPHERES 


he cooling at the surface of spheres of different diameters in 







~ 


per cent sodium hydroxide, No. 2 oil and air is shown in 
\ to XIII inclusive. 





Several experiments were made for 


e in each of the coolants and subsequent comments relate 


» t 


o the average values. However, these should be: used only for 








comparisons since in many cases there wére appreciable vari- 

the individual results. Furthermore, the quenching con- 
were not exactly the same for all of the spheres. Sizes up to 
luding 21% inches in diameter were quenched with the equip- 


lustrated- in Fig. 4, in which the motion of the coolant was 
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Table X 
Time Required for the Surface of Steel Spheres of Different Sizes to Cool to Different 
Temperatures when Quenched from 875. Degrees Cent. (1605 Degrees Fahr.) in 
5 Per Cent NaOH at 20 Degrees Cent. Moving at 3 Feet per Second 


lest Dime 

ches Number 7( ( OO” ( 
190] Q25 } 033 
1902 


19023 


O60 
ONS 


064 
O86 


11% 
Average 


Heat effects. of tra 


produced by the rotation of the container ; spheres of larger diameters 


were heated in larger furnaces and quenched in liquids in stationar 


tanks. In these cases, flow of the coolant past the specimen was 0! 
tained by moving the specimen by hand in the bath. 

These two methods produced similar but by no means 1d 
cal conditions at the surfaces of the spheres. Differences 
also existed in the quenching of the small spheres ('%4 inch 
inches in diameter) even though all these were handled ‘with 
equipment. With'a given velocity of coolant, the flow aroun 
sphere %. inch in diameter will differ from that around a 5] 
much larger diameter. 


Also the disturbances momentarily produced by the int: 





Table XI 
equired for the Surface of Steel Spheres of Different Sizes to Cool to Different 
peratures when Quenched from 875 Degrees Cent. (1005 Degrees Fahr.) in 
Water at 20 Degrees Cent. Moving at 3 Feet per Second 


specimen into the bath would be a function cf the size, the 
of the surface and the manner of introduction.2! ‘Variations 
factors can be expected to modify at least the initial stages 
ling at the surface of the metal and indicate that difficulties 
‘encountered in securing exactly comparable quenching con 
tor a wide range of sizes. However,.the conditions of the 
ments represented those which would be encountered in good 
rcial heat treatment and at least should show the direction and 


+ 


magnitude of the effects of changing size. 


a. Cooling Times 


raphical summary of the effects of size upon the surface cool- 


On the Impact of a Solid Sphere with a Fluid Surface and the Influence 
Surface Layers, and Viscosity on the Phenomenon Philosophica 
es, Vol. 48, 1924, p. 753 


t 
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TIME IN SECONDS REQL 
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Fig. 46—Cooling Timés for Different Temperature 
at the Surface of Spheres of Different Diameters 
Quenched Into Water. Coolant Motion About 3. Feet 
Second. Coolant Initially at 18 to 22 Degrees Cent. (6 
Degrees Faht ) 
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DIAMETER OF SPHERE-!INCHES 


Fig. 47—Cooling Times for Different Temperature Ranges 
the Surface of Spheres of Different Diameters When Quenched 
Into No. 2 Oil Coolant Motion About $ Feet Per Secor 
Coolant Initially at 18 to 22 Degrees Cent. (65 to 70 Degre 
Fahr.). 


ing of spheres immersed in different coolants is given in Figs. 4. 


48 inclusive. Except in the case of air cooling, increase in size 
duced relatively small increases in the time required for the 
perature to drop from 875 degrees Cent. (1605 degrees Fah 
around 600 degrees Cent. (1110 degrees Fahr.). In othe 


the initial portions of the surface cooling curves are very neal 
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me for the spheres of different diameters when quenched in 
ent sodium hydroxide, water, or the oil his is to be ex 
since for a short time, the only part of the sphere which is 
appreciably in temperature is an outer layer, the thickness 
ch is small in comparison with the radius. Furthermore, the 
ns of circulation of these coolants were not exactly the same 


arly and late stages of cooling since the specimen was being 
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} | Cooling Times for Different Temperature Ranges at the 
face {f Spheres of- Different Diameters When’ Cooled in Still Au 
\tmospheric Temperatures 





rapidly 





within the bath for a short period subsequent to 















ion. The differences observed under these .conditions may, 
re, be considerably smaller than would have been observed 1f 
id motion of the specimen relative to the coolant during im- 
could have been avoided. 
Much larger differences are produced by variations in the sphere 
when larger cooling intervals are considered, such as 875 
r 300 degrees Cent. (1605 to 390 or 570 degrees Fahr.). 
cases, there was a definite increase in the time required for 
lace to reach a selected temperature as the sphere diameter 
ed. However, large differences in cooling times were observed 
the large specimens comprising spheres 434 inches or -more 


CT€ 7 





unexpected effect was observed in water quenching. As 
in Table X, the average cooling of the surface from 875 
Cent. (16005 degrees Fahr.) to about 600 degrees Cent. 


egrees Fahr.) was more rapid in the 2'%-inch spheres than 





Table XII 


Time Required for the Surface of Steel Spheres of Different Sizes to Cool to Different 
Temperatures when Quenched from +875 Degrees Cent. (1005 Degrees Fahr.) in 
No. 2 Oil at 20 Degrees Cent. Moving at 3 Feet per Second 


Time in Nec 


} 
| 


in the l-inch spheres and likewise more rapid in the 1-inch spl 
than in the '-inch spheres. It is difficult to reproduce result 
these small specimens, for reasons already discussed, but these eff 
were observed so consistently upon repeating the experiments 
they probably have some significance. 

\n observation made by Heindlhofer** tends to support 
view that these effects are real and not solely the result ot 
perfect control of the conditions of quenching. Heindlhotet 
culated the values of surface emissivity from center cooling cu 


of two silver cylinders, respectively, 2 centimeters and 0.06 c 


the Ja 


meters in diameter. These values were much larger tor 


cylinder. He concluded that the specific surface emission” “seen 


also to depend on the absolute size of the quenched object, sm 


K. Heindlhofer: Quenching: A Mathematical Study of Various Hypot!l 
: Phys ‘ Reviet » series, Vol 0, 1922, } 21 





Table X1ll 


Different Sizes to Cool to Different 


the Surface of Steel Spheres of 
Fahr.) in 


Required for 4 
emperatures when Cooled from 875 Degrees Cent. (1005 Degrees 
Still Air at Room Temperature 


smaller specific emission. This would point to a dif 


taining very great quenching speeds by trying to reduce 


eter of the quenched specimen.” 


( ooling / Rat JS 
hardening of steels is related to the rates at which 


( the 
it 1s of interest 


is brought through the transformations, 
ine the cooling rates at the surface of the spheres 
e most rapid ‘surface cooling, at temperatures around 700 
Cent. (1290 degrees Fahr.), was observed when quenching 
cent sodium hydroxide. The rates of cooling varied from 
; for spheres from 


12,000 to 3000 degrees Cent: per second 


inches in diameter. 
en quenching in water, with the moderate ‘circulation used 


e experiments (approximately 3 feet per second), the cool- 


it temperatures in the neighborhood of 7OO degrees Cent. 


m around 8000 to 1000 degrees Cent. per second in spheres 
l'4 inches in diameter. However, the surface did not 
stantaneously to.the coolant’ temperature as is assumed in 
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SPHERES OF DIFFERENT DIAMETERS 
COMPARED TO THE | INCH SPHERE 


5% Na0H 


RATIO OF COOLING TIMES FOR THE RANGE 675°C T 
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Fig. 49-—-Effect of Sphere ‘Diameter o iw Surface 
limes for the Range 875 to 700 Degree C% (1605 to 
Degrees Fahr.) When Cooling in Different Media Chart Base 
on Data in Figs. 23 to 26 Inclusive 
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Fig. 50-——-Effect’ of Sphere Diameter on .the Surface Cooli 
Times for the Range 875 to 300 Degrees Cent. (1605 to 
Degrees Fahr.) When Cooling in Different Media Chart Bas 
on Data in Figs. 23 to 26 Inclusive 


some theoretical derivations of cooling curves. This condition was 


approached. more nearly when quenching: in 5 per cent sodiur 
hydroxide. 


As is shown in Figs. 23 and 24, the first rapid cooling in e! 


ther 
water or 5 per cent sodium hydroxide did not continue to coolant 


1 


temperatures. Instead there was an abrupt change in the slop 





TEMPERATURE-‘C 


QUENCHING 


QUENCHING TEMPERATURE 


PERATURE-°C 


TEM 


4000 8000 12000 16000 

COOLING VELOCITY—*C PER SECOND 
lig »1--Effect of Sphere Diameter on the 
Relation Between Surface Temperature and 


Cooling Velocity in 5 Per Cent Sodium Hy 
droxide Coolant Motion About 3 Feet Pet 


Second Coolant Temperature 18 to 22 Devrees 
Cent (¢ to 70 Degrees Faht ) 


QUENCHING TEMPERATURE 


Z000 4000 6000 6000 10000 
COOLING VELOCITY~—°C PER SECOND 


Effect of Sphere Diameter. on the Relatton 
Between Surface Temperature and Cooling Velocity in 
Water. Coolant Motion About 3 Feet Per Second. 
lant Temperature 18 to 22 Degrees .Cent. (65 to 70 
Degrees Fahr.). 
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TEMPERATURE -“C 


600 1200 1600 


COOLING VELOCITY—°C PER SECOND 
big }-Ettect of Sphere Diameter on the 
Relation Between Surface Temperature and Cool 
ing Velocity ino No. 2 Oil Coolant Motion 
About 3 Feet Per Sécond. Coolant. Temperature 


IX to ):2 Devrees Cent (65 to U0 Degrees 
ahr.) 


of the cooling curves at temperatures well above the boiling point 
of water. The temperatures at which this change occurred in 
creased with increase in the diameter of the sphere and were highe 
in water quenching than in quenching in-5 per cent sodium hydroxide 

Similar characteristics were shown in oil quenching althoug! 
here the rates of ‘temperature change at the surface were lowe! 
than in the aqueous solutions, and the change from: relativel; 
rapid cooling. to slow cooling was less abrupt .and occurred at 
somewhat higher temperatures, in the neighborhood of 500 de 
grees Cent. (930 degrees Fahr.). 

These results throw. some doubt on the accuracy .of calcula 
tions based on the assumption of instantaneous cooling of the 


. 1 
surface to coolant temperatures. .It would be more reasonable 


assume instantaneous cooling to some higher temperature even 10! 


such rapid coolants as the 5 per cent sodium hydroxide. solutio! 


rire 
Lula 


Sut as is shown by the results of the experiments this tempera 


varied with the size of the piece. 
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Comparison of the Coolants in Relation to-Size of Spher 


temperature 


ordinary 


90 a corresponding summary 










range around 7OO 


rees Cent. (1290 degrees Kahr.) are of particular interest. since 


carbon steels 


interest to 


times for different 


nperature ranges in the different media when the size of sphere 
hig. 


tor the temperature range 875 to 700 degrees Cent. 


19 shows the proportional increase 1n cooling 


( 1605 


for 


570 degrees ‘ahr. ) 


the increase in cooling 


vith increase in diameter of sphere was much larger in the 


oolants, air and oil, ‘than in the rapid coolants, water and 


cent sodium hydroxide. 


effects 







he situation is a little different when considering the larger 


of 


Size 


I cy 
iv. 


decreased in 


order 


19 shows that the magnitude 
of 


the rapidity of the 








TRANSACTIONS OF THI! 


cooling range, 875 to 300 degrees Cent. (1605 to 570 degrees | 


hig. 50 shows that the cooling times increased more rap; 


i« 


water than in 5 per cent sodium: hydroxide or air for lay 
creases in the diameter of sphere. However, the largest effect 
found with the oil. 

Chis means that .5 per cent sodium hydroxide can be effe 
in increasing. the depth .of hardening (or in procuring full 
ing) at the surface of large masses where .water fails to 
the desired effects. This is. not to be interpreted to apply 
sizes but should. be valid for a moderately wide range -o! 
encountered in industrial. work. °©‘This. further involves th 
sumption that the circulation of the coolant is moderate and 


parable in the case of the two coolants. 


Such differences in surface cooling of large masses are jot 
necessarily reflected at interior points. \s was previously show 


appreciable increases in size tended to reduce the differences in cent 


cooling between water and 5 per cent sodium hydroxide 
Further information on the effects of: size upon the 


cooling in. the different media may -be obtained from) Figs. 5] 


54 inclusive. In these charts the average cooling rates for different 


temperature ranges are plotted against the mean temperatures 


the respective ranges. 


In both oil and air the maximum rates of cooling were foun 


to be very close to the initial (quenching) temperature and 
rates steadily decreased with decrease in the temperature of 
surtace. 


In water and 5 per cent sodium -hydroxide the cooling 


temperature curves (igs. 51 and 52) showed maximum cool 


rates at different temperatures. For spheres: of. small - diamete 


around 14 to 434 inches, the maximum cooling: rates were ‘tou 
at relatively low temperatures in. the neighborhood of 500 to /| 


degrees Cent. (930 to 1290 degrees Fahr.).° With increase in s1 


the temperatures of maximum cooling rates tended to approa 


the initial temperature so that the curves assumed a form like t 
of the curves for oil and air. This change occurred 1n sn 
spheres when quenching in water than when quenching 1n 
cent sodium hydroxide. 

These results are of practical interest since they indicate 


no appreciable increase can be expected in the surtace 
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large masses, at temperatures around 7OO degrees’ Cent 







yvrees Fahr.), by raising the quenching temperature. — In 
ieces, Immersed in water or 5 per cent sodium hydroxide, 
in the quenching temperature should be effective in increas 


rates of cooling around 7OO degrees Cent. (1290 degrees 










Chis, of course, 1s based on the assumption that increase 
initial temperature wall produce, at least roughly, a propor 
hange im the temperature at which the maximum cooling 
re observed as it did in the experiments on eenter cooling 
he cooling rates at temperatures around 7OO degrees Cent 
egrees ahr.) play a major part in the hardening produced 
mn steels, an increase in the quenching temperature can in 
the depth of hardening in small sizes but not appreciably in 


eclulons., 








quantitative evaluation of the effects of size on = surface 


hardly justihed ‘since the experiments described were 







tative only of commercial practice and were not controlled 
pect to all of the variables suspected Ol affecting the removal 
at the surfaces of the specimens. 


1 


dy of the effects of the many variables which can be con 





to affect the cooling 1s a task of considerable magnitude and 


necessitate surmounting numerous experimental difficulties 







lete survey was not attempted but in the course of the 
experiments questions arose which made it desirable to 
er certain of the less generally recognized phases of the sub 


\nd these will be considered in subsequent chapters. 
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Discussion of the Paper by George Batty, on “The Production of 
Electric Steel For Castings” 


HE writer is in strong agreement with the author that in the el] 
furnace process the practice of eliminating: a certain amount of carbon 


means of quiet boil is the better and scientifically correct method of produci: 


sound steel etther for castings or ingots. The other, or so called “erucib! 


method,” he considers fundamentally wrong. The crucible process is essenti 
a melting process, in which only the purest ingredients are used, and in whi 
little further refining is necessary, and to: attempt. to carry out that princi 
in an open-hearth furnace, (to which class the ordinary electric furnacs 
belongs), with a charge usually consisting of miscellaneous steel scrap, 
not be considered good steel making: practice: The scrap for the charge « 
and should be graded and to a certain extent it may be cleaned,—incidentall) 
is the practice here to rumble all the shop scrap and all surplus metal aft 
casting is poured into small tapered ingot molds to keep it clean and in a cor 
venient form for recharging,—but this does not render the charge in an 
“pure” from the point of view of freedom from oxidation products, which 
so carefully and completely eliminated in the crucible process. In the writer 
opinion, the excuse for this “crucible method” .in the electric furnace may 
found in the time factor, which point neither the author, nor any of his critics 
seem. to have mentioned, since the introduction of ore, which should not be add 
until—to quote Mr. Batty,—‘“the melter gets a good bath of metal,” 
necessity prolong the heat if sufficient time is subsequently allowed 
ore to boil down the carbon, or as it is often termed, “work through.” 

The writer, who has had fifteen years’ experience in making steel by most 
the commercial processes in Shefheld, England, was greatly surprised at t 
importance attached on this Continent to the actual time taken to make a hi 
of steel. Soon after his arrival in Canada, some sixteen months go, he 
a catalog from a firm in the States, who announced themselves as 
manufacturers of electric furnaces in the world,” in which everyone ot 
making furnaces was actually named and described according to the 
pounds or tons of steel it was supposed to produce per hour! In the 
opinion this kind of propaganda can do no good, but may very easily 
calculable harm to steel making as an art and a profession. A particul 


of furnace may be capable of rendering a certain quantity of scrap su 


George Batty, “The Production of Electric Steel for Castings’, TRANSA 
ican Society for Steel Treating, Vol. 17, March 1920, p. 449. 


1 + 


Pr. B. Parks, steel-maker and metallurgist for the Riverside Tron Works 
Alberta, Canada 
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given time, to enable it to be poured into molds, but pe for the 
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le Operation of such practices is fast becoming very limited 








lay the up-to-date steel manufacturer must be prepared to make his 
definite chemical and physical specifications, which necessitates the in 
co-operation of both the melter- and the chemist. lhe matte 


importance is to ensure that the metal 1s of correct chemical composi 
that it is in a suitable condition as regards cleanliness, soundness, and 
when tapped, and the question as to whether the heat is half an hour 


ur longer or shorter in the making is trivial; and when the question 





nsive alloys is involved one might reasonably say that it fades int 















Nncalhnce 
ilst on the subject of alloy steels and their rapidly increasing adoption, 
r does not think that Mr. Bull need have much apprehension as to the 

scrap for so-called common steel, since with the exception of nickel 
lybdenum, all the other alloying elements will be: oxidized out during 
if the oreing down method is used; against this may be argued the fact 
se elements will thus be lost, but this will be offset by the lower 







cost 
ind of scrap which must naturally follow as soon as it becomes plenti 
market. 


e writer does not think that the addition of ferrosilicon to the bath in 





furnace should be made a standard practice, as in his experience mort 


not it is quite superfluous. If a sufficiently reducing slag is obtained 






s the finishing period of the melt enough silica will be reduced from the 
the metal to make any further silicon additions unnecessary. 


m the subject of blowholes, the writer agrees with the author that the 





cause of this trouble can be traced to moisture in the sand, proof of 


an readily be observed in green sand castings, the steel often actually 






one head and sinking in another on the same casting. In his opinion 
and overcome this by using aluminum is bad practice, the cure generally 


ich worse than the disease. Unfortunately, both the average casting 







reman and melter have been allowed such absolute freedom in the use 
minum that they are both loth and afraid to do without it. Also too much 


ice is often attached to excessive sinking of the steel in the heads 






ll known that aluminum causes increased piping, which in conjunction 
ssive sinking simply means that instead of the pipe being located in the 


proper place,—it is forced down into the body of the casting. The 






ikes to see the heads well filled and showing only a slight concavity, 


ndition can often be obtained by leaving the steel a little longet 









rnace under a good reducing slag and cutting down, or even cutting out 
» of aluminum. 


Author’s Reply 





elerence to the time at which ore is added to a bath, I would say 

is no prolongation of the time if takes to produce the heat by the 
advocated: of adding the ore, but you should understand that when | 
vords “the ore should not be added until the melter gets a good bath 


| mean that there is a good open pool of metal in the middle of the 





































t 
l 
{ 


UPMNAaACe, 


nie bec AUS 


very rich 


OSE ad. but } 


unmelted 


\ 








the bath 1s 


ocalization of heat neat 


here is still 


unimelted 
in oxide 


having a 


7 


material 
hot 


the electrodes 


still 





beige on. the 


material on the banks 


Won, 1 


rood deal ol the boul period proceed whilst 


re still protected by unmelted 


ulficient to 


tk 


>a COM siderable ( 


sirable to 


t tends to atta 











ot the 





banks Ore is be 


enough to assimilate it and becaus 


lurnace. 


ck the acid banks 


metal, we minimize the 


xtent, the eros 


maintain slae volume 


COVE! adequately 


slag in quantity equal to 


tk 


n the. electri 
When ore has been added and the boil is proceeding, it 1s 
Ss per ¢ 


PUrnAace 


» add limestone im a quantity 


slag, and it 


slag T11¢ rely 


) 


physical condition 


it) 


dl 


hie slag IS 


roceeds, the 


Wr Ol 


ecreases tl 


ferrosilicon 


le 


{ 


at 


ses to the slag are. hkely 


1 he ll 
ime as earl 


nd then to 


“botlme the 


scrap of a manganese content of 0.7 to 0.8 per cent.and a silicon cont 


t 


definite amounts ot 


{ 
} 


1 





In steel 


hould be “A 


I 


1 


\ 


\ 


is alse considered 


the surtace ot 


cent by weigl 


calculated to 


ion of the 


at an amount 
the metal 
it of the bath 1s.qu 


add about 


important that melters 


vecause it happens to appear wat 


thin | 


DCCAUSE 


thickening slags 


Composition 
well 


with 


or it 


ot 


S composition 


ery in the 


dilutior 


banks 


and, in 


early st 


and, as the elimi 


the’ slaw changes and the = slag 


as good. chemical 


MnQO content w 


ind terromanganese are 


to 


ocated practice, tl 


ith the result 
made te 
OcCcUl 


ieretore, 


11) Cs 


condition 


additional sand is to be 


St adae 


= Gi 


a boil will commence and pr 
Whilst 


it the 


whic] 


17) 


should not. tl 


ALCS 
laAvIOT 


COT] 


The practi 


ne 


cle precatle d bee; 


that when the final 


) thre chat 


i ¢ CACC 


pect ol adding 61 


SSITV¢ 


« 


as possible in the heat when ore may be introduced to 


follow. th 


scrap off t 


foundries where 


practice which ts. deseribed by 


1 
} 


11¢ 


to O.4 per cent it 1s quite 


located in the 


salt 


banks.” 


* to add some 


ore with 


charge that it does not he im 


Many melters have displayed interest in 


empt to estimate the amount 


hat wherever a melter 


w finds an 


rractice the 





added. interest 


calculation 


has 





silicon, Hila 


11} 


thre 





ol ore requisite 


NnvaAanNese, 


sufhicient knowle 


his work by 


theoretical 





and c: 


the Shetheld 


a considerable proportion of the charg 


the. charge 


contact 


‘ 


Wl 


a proposition that they 


to bring 


about the elimu 


irbon from the ch 


dgve to carry out 


tollowine 


values of the 





out and 


reactiol 


ary 


such 


' 
Che 


{ 


i al kk 


Lausit 


Nerop 
Crees 


of Mas 


174 
rederic 


XR MmMpan 










Reviews of Recent Patents 
By NELSON LITTELL, Patent Attorney 
kitth “A New \Y k City \l ! ee Me. . 















| 346.676, Feb. 11, 1930, 1,746,677, 1,746,678, 1,746,679, 1,746,680, Chem- 
ical Reagent, Fred H. Rhodes of Ithaca, N. Y. 
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1.7413,796, Feb. 18, 1950, Incorrodible Aluminum Alloy, Hans Schorn, of 
Lausitz, Germany. 







llov includes tl ddition ot O.O5 to 0.1 ) 
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L.748,623, Feb. 25, 1980, Method of Nitriding Steel Articles, Robert 
sergeson, oF Massillon, Ohio, Assignor to Central Alloy Steel Corporation, 
of Massillon, Ohio, a Corporation of New York. 







emtion relates’ in general to the heat treatment ol -articles 





( ond 











\ t| reo! l hard touvh coherent ( ( Ol Lily wh 1 th 


drawing 













WH) cleeres ahr. and then nitriding the articl Such treat 
O} MICrease the Case depth trom an average ot O.OLO to 0.001 
the hardness trom SSO Brinell to approximately 1015 





1,748,759, Feb. 25, 1930, Process of Making Low Carbon Ferro-Alloys, 
rederick M. Becket of New York, N. Y., Assignor to Electro- Metallurgical 
Lompany, a Corporation of West Virginia. 


cular patent relates to the manutacture ot rustie iron such 


1 ferromanganese and the process outlined its to blow oxyget 





he molten iron-chromium alloy containing excess 


thle «tl 









ot carbon to raise the temperature and remove -a part ot the 





then blowing substanttally pure -hydrogen through the molte: 






remove more carbon and prevent undue chromium losses, Phe 





content.of alloy should be below. 0.2 per cent during the later pai 





hvdrogen blow. 







1,750,270, March 11, 1930, Coated Iron and Steel Articles and Method 
of Making the Same, Elmer M. Jones of Detroit, Michigan, Assignor ty 
Parker Rust-Proof Company of Detroit, Michigan, a Corporation 9; 







Michigan. 






The specific invention relates to the coating of iron or ste: 






silicon compound The operation consists in preparing a water 


of acid phosphates o1 iron, manganese or zine and introducing 





the form of sand.’ Atter boiling the solution, apparently silicon 






formed, and as the metal articles are introduced into the bat] 





will be tormed which will continue during the evolution of hvydr 






bubbles. The coating 1s tormed in situ on said surfaces and comprises 





soluble phosphate ot metals used and a compound of silicon, 





ng us rot only rust proot, but it also Serves aS a VCTy good toundatio 





other coatings. 








1,750,651, March 18, 1930, Means of Cleaning and Protecting Metal 
Surfaces, James C. Vignos, of Nitro, West Virginia, Assignor to the Rubber 
Service Laboratories Company, of Akron, Ohio, a Corporation of Ohio. 







The present invention relates particularly tO a process for the pick 







of iron or steel wire sheets or-stmular metallic objects. It is also 
tor removing boiler scale. The invention discloses the use of the met 
tans which are-compounds contamimg the C-SH group and preferably t 





Inercaptans wherem the sulph-hydrate group is attached to a carbor 





of a thiazole group. The pickling bath comprises a sulphuric acid solut 






contamme a small proportion ot a toaming agent and a sulphonat 






captan compound. 













1,750,796, Mar. 18, 1930, Alloy and Cutting Tool Made Therefrom 
Burnham E. Field, of Douglaston, New York, Assignor to Haynes Stellite 






Company, a Corporation of Indiana. 






Chis patent covers an alloy consisting chiefly of tungsten, 





chromium containing upward of 35 per cent tungsten, upwat 





cent cobalt, a substantial proportion of chromium, but less than 12 





cent and between 12 per cent and 1.25 per cent of boron sub 





tree of nickel. It 1s noted that the tungsten should not exceed 50 pi 





? 





hecause the melting pomt would be too high and where 








approximately 40 per cent it was found that.the Brinell hardne is | 
This allov gives good results’ as a lathe tool for the high sp 
ot cast iron and steel. 











1,729,765-6-7, Oct. 1, 1929, Cleaning of Metal Surfaces, Clarence 
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Dinley, Detroit, Michigan. 
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t, rust stimulants, and oil from metal surtaces preparatory 


comprising compatible solvents tor the said substances in 


on with a finely divided vehicle and powdered absorptive amot 










MOT] 






7,331, Sept. 10, 1929, Process of Coating Aluminum Electrolyti 
ally, Carl L. Beal, Rochester, New York, Assignor to. Eastman Kodak 
Company, Rochester, New York, a corporation of New York. 






process ot electroplating an aluminum surtace, the steps ot 






d surface in a dilute aqueous alkaline bath without electrolysis, 








surface as the cathode in an acid dilute aqueous bath unde 





ing cohditions, and thereatter electrodepositing a coating upon 





d surtace. 







[.729,339, Sept. 24, 1929, Alloy of Magnesium, John A. Gann, Midland, 
Michigan, Assignor to The Dow Chemical Company, Midland, Michigan. 
product, an alloy containing from 90 to 95 per cent of mag 


between 10 and 5 per cent of cadmium. 














1,728,052, Sept. 10, 1929, Aluwminum-Welding Rod, Henry Gilbert, 
Philadelphia, Pennsylvania. 





ding rod composed ot. substantially 88.74 per cent of aluminum; 





t ; 


ent of copper, 8.06 per cent of cadmium and 0.78 per cent 

















L731,021, Oct. 8, 1929, Bearing-Metal Alloy, Karl Miiller and Wilhelm 
Sander, Essen, Germany. 


ing nretal alloy comprising about. 70 to 75 -per cent of lead, 





to 25 per cent of antimony, about 3 to 6 per cent of tin, about 





cent O} 





a metal of the cobalt type, about 0.6 to 2 per cent ot 







appreciable amount not: exceeding T per cent of metals 


L229,631, Oet. 1, 1929, Process of Reclaiming Scrap Metals, Theron 
l). Stay, Cleveland, Ohio, Assignor, By Mesne Assignments, to Aluminum 
Company of America, Pittsburgh, Pennsylvania. 







proved process of reclaiming light, readily oxidizable metals 





divided scrap metal which comprises freeing the scrap: metal 








ot iron, adding the scrap metal to a molten bath of metal of 








to be reclaimed in which there are upwardly and downwardly 


ot circulation, quickly immersing the scrap metal in the 
















1.7534,982, Nov. 5, 1929, Weld Rod and Method of Making the Same, 
James M. Weed, of Ballston Lake, New York, Assignor to the General 
Electric Company, of New York. 


rnally fluxed weldrod of the cored type comprising a singl 
ip whose two edges engage opposite sides of a central portion 


stituting a core with which they form a plurality of oppositely 
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